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Abstract: 
 
People with aphasia frequently have difficulties understanding semantically 
reversible sentences presented in derived word order. This impairment may be 
related to the inconsistent processing of morphological information, as well as to 
difficulties inhibiting the inverse interpretation of the sentence. Studies on bilingual 
aphasia may contribute to our understanding of these issues by shedding light on i) 
differences in processing of morphology across languages; ii) enhanced control 
mechanisms. We studied early Basque-Spanish bilingual speakers with aphasia and 
monolingual Spanish speakers with aphasia, as well as in unimpaired individuals. 
Using comparable sets of materials across languages, we combined behavioural and 
eye-tracking methods. Results indicate that i) at the group level, bilingual speakers 
perform better in Spanish than in Basque, particularly in sentences with Theme-
Agent argument order. Individual case analysis shows a pattern of weak dissociation 
across languages in several participants; ii) bilingual people with aphasia do not 
outperform monolingual people with aphasia in comprehension accuracy, although 
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gaze data suggests that bilingual speakers exhibit higher inhibition and monitoring 
abilities.  
 
Keywords: aphasia, sentence comprehension, bilingualism, bilingual advantage, 
executive functions; eye-tracking. 
 
 
1. Introduction 
1.1. Theories on sentence comprehension difficulties in PWA 
The comprehension of semantically reversible sentences presented in derived word 
orders has been shown to be particularly impaired in a large proportion of people 
with aphasia (henceforth PWA) with preserved lexical comprehension. PWA fail to 
interpret who does what to whom in sentences where animacy is not a reliable cue 
for agency-identification (e.g., semantically reversible sentences where all 
arguments are animate). In this case, sentence interpretation is dependent on 
syntactic relations.  Difficulties are most prominent for sentences presented in 
Theme-Agent order (e.g., The girl has been followed by the boy) (e.g., Bastiaanse & 
Van Zonneveld, 2006; Burchert, De Bleser, & Sonntag, 2003; Caramazza, Capitani, 
Rey, & Berndt, 2001; Caplan & Futter, 1986; Caramazza & Miceli, 1991; 
Caramazza & Zurif, 1976; Grodzinsky, 1995, 2000; Mitchum & Berndt, 2008; 
Schumacher et al., 2015).  
This error pattern has been reproduced in many group studies, although the 
individual variability is high. However, the appearance of errors in sentence 
presented in Theme-Agent argument order is not systematic. The specific linguistic 
computations are not completely enabled, and it is hard to predict when a PWA will 
misinterpret a given sentence (Caplan, Michaud, & Hufford, 2013; Caplan, Waters, 
DeDe, Michaud, & Reddy, 2007). Difficulty in predicting failure in thematic-role 
parsing is compatible with a processing account where reduced computational 
resources cause parser breakdown when the cognitive demands of the linguistic 
material exceed its processing capacities (e.g., Avrutin, 2006; Burkhardt, Avrutin, 
Piñango & Ruigendijk, 2008; Caplan, 2006; Caplan & Waters, 2013; Caplan et al., 
2007; Haarmann, Just, & Carpenter, 1997). This account converges with studies on 
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healthy adults that show an age-related decline in sentence comprehension abilities 
related to factors such as syntactic complexity, word order, processing speed and 
auditory integration (e.g., Caplan, DeDe, Waters, Michaud, & Tripodis, 2011; 
Füllgrabe, 2013; Humes, et al. 2010; Obler, Fein, Nicholas, & Albert, 1991; 
Schneider, Daneman, & Murphy, 2005; Snell, 1997; Sung, 2016; Wendt, Dau, & 
Hjortkjaer, 2016; Wingfield, Peelle, & Grossman, 2003).  
1.2. Impact of cross-linguistic differences on sentence comprehension 
Syntactic processing strategies yield different outputs across languages, depending 
on their morphosyntactic properties, as well as the position of the object in relation 
to the verb (i.e. VO/OV) (e.g., Bader & Lasser, 1994; Gibson 1991, 1998, 2000; 
Gibson et al., 2013; Nakatani & Gibson, 2010; Ros, 2018; Ros, Santesteban, 
Fukumura, & Laka, 2015; Santesteban, Pickering, Laka, & Branigan, 2015). Aside 
from structural differences between languages, it has been suggested that listeners 
rely on distinctive information cues to discern the Agent/Theme. Healthy speakers 
of richly inflected languages such as Italian or Turkish rely more strongly on 
morphological information (e.g., subject-verb agreement) to parse the sentence than 
English speakers who use word order information (Bates, Devescovi, & Wulfeck, 
2001; Duman, Altinok, Özgirgin, & Bastiaanse, 2011). Thus, comprehension of 
sentences presented in derived word orders may be less impaired in a PWA speaker 
of a richly inflected language, such as Turkish, than in a PWA speaker of a less 
inflected language, such as English.   
Nevertheless, it is still an open question whether sentence comprehension of PWA 
who speak different languages is affected differentially by the processing of specific 
morphological markers. The answer to this question is beyond a between-group 
comparison in cross-linguistic studies, since they do not account for confounds such 
as inter-subject/stimulus variability. Hanne, Burchert, De Bleser and Vasishth 
(2015) have found that processing case morphology is more vulnerable than 
processing agreement in PWA speakers of German. This finding suggests that the 
morphological markers that cue thematic-role assignment are particularly affected 
when compared to other type of linguistic markers. Aside from the intralinguistic 
comparisons mentioned above, the study of early bilinguals offers an alternative 
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approach to better understand language-specific morphological properties and their 
impact on comprehension deficits in PWA, from an interlinguistic point of view.  
1.3 Sentence comprehension deficits in bilingual speakers 
Studies on sentence comprehension abilities in people with bilingual aphasia are 
scarce (see Khachatryan et al., 2016). Abuom, Shah, and Bastiaanse (2013) studied 
sentence comprehension in a group of balanced bilingual Swahili-English speakers 
with agrammatism. They found an equal degree of sentence processing impairment 
across languages. Similar results were found in PWA speakers of structurally 
similar languages such as Galician and Spanish (Juncos-Rabadán, Pereiro, & Souto, 
2009).  
There are just two studies on bilingual PWA that contrast the presence and absence 
of case-morphology across languages and its impact on sentence comprehension 
deficits. Munarriz, Ezeizabarrena, and Gutierrez-Mangado (2016) studied a non-
fluent, bilingual Basque-Spanish PWA performing a sentence comprehension task 
using wh-questions and relative clause sentences attending to Agent-Theme and 
Theme-Agent argument orders in both Basque and Spanish. They found a 
differential morphosyntactic impairment across languages, characterized by the 
preserved comprehension of all structures in Spanish, and a very selective 
impairment in Basque, affecting object-initial wh-questions and subject relative 
sentences2. Venkatesh, Edwards and Saddy (2012) studied multilingual PWA while 
performing lexical and syntactic tasks in Hindi and English. Participants did not 
show cross-linguistic differences in the comprehension and production of single 
words, but differed in their sentence comprehension abilities, showing better 
performance in Hindi than in English. Both Basque and Hindi are morphologically 
rich languages with free word order. In Basque, the agent of the action is marked 
with ergative case marking, whereas Hindi displays split ergativity. Ergative or 
nominative case marking may signal the agent or the subject of the verb, 
                                                        
2  Because the ergative alienation of Basque, subject relative structures arguments follow 
non-linear Theme-Agent order, while object relative structures have Agent-Theme argument 
order. Carreiras, Duñabeitia, Vergara, de la Cruz-Pavía, & Laka, (2010) have shown in an 
experiment with healthy speakers of Basque, that subject relatives are harder to process than 
object relatives, shown by longer self-paced reading times and larger amplitudes in the P600. 
Listeners deploy an agent-first strategy for the ambiguous sentence-initial DP, yielding the 
object-gap relative clause making the lowest processing demands.  
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conditioned by the tense and aspect carried by the latter. In contrast, English and 
Spanish do not have morphological case (although it is reduced to the personal 
pronominal system in both languages). The results of Munarriz et al. (2016) and 
Venkatesh et al. (2012) are conflicting on the idea that case-morphology aids 
comprehension of sentences in derived word orders in PWA, and call for a more 
detailed analysis. 
Sentence processing in bilingual aphasia warrants further investigation for a number 
of reasons. It offers an opportunity to provide evidence in relation to the cross-
language transfer of linguistic abilities, as it has been suggested for morphosyntactic 
strategies (Döpke, 2000; Santesteban & Costa, 2006; Wulfeck, Juarez, Bates, & 
Kilborn, 1986), therapeutic outcomes (see Ansaldo & Saidi, 2014; Kohnert, 2009), 
as well as for syntactic priming experiments (Hartsuiker, Beerts, Loncke, Desmet, & 
Bernolet, 2016; Hartsuiker, Pickering, & Veltkamp, 2004; Verreyt et al., 2013). 
Hartsuiker and Kolk (1998) reported for the first time within-language syntactic 
priming effects in a group of participants with Broca´s aphasia. They found that the 
accuracy of the production of syntactic structures was influenced by the syntactic 
structures previously presented. Going a step further, Verreyt et al. (2013) found 
that syntactic priming in bilingual PWA was not limited to priming within one 
language, but happened across languages as well. The finding supports the view that 
bilinguals employ a unified lexical-syntactic system, where syntactic representations 
are shared between languages.  
1.4. Sentence comprehension, bilingualism and executive functions 
Comprehension of sentences with derived orders using solely morphosyntactic cues 
requires inhibition of the dominant interpretation derived from constituent order. 
Inhibitory control processes, as well as mental flexibility and the ability to restore 
information from working memory are part of the executive functions (Friedman & 
Miyake, 2004; Friedman & Miyake, 2017; Miyake et al., 2000), which are impaired 
in some PWA (Hamilton & Martin, 2005; Peristeri, Tsimpli, & Tsapkini, 2011; 
Purdy, 2002). This is compatible with some studies that have suggested that 
syntactic processing deficits in PWA are related to working memory problems (e.g., 
Haarmann, et al., 1997; Ivanova, Dragoy, Kuptsova, Ulicehva, & Laurinavichyute, 
2015; Miyake, Carpenter, & Just, 1994; Sung et al., 2009; but see Caplan, et al., 
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2013, for a review), and to inhibitory/cognitive control limitations (Dickey et al., 
2007; Schumacher et al., 2015; Vuong & Martin, 2015; see Novick, Trueswell, & 
Thompson-Schill, 2005; 2010; for an overview Ardila, 2012; cf. Thothathiri & 
Mauro, 2018).  
Some evidence suggests that bilingualism enhances executive function. In order to 
ignore irrelevant information and avoid language conflicts bilingual speakers exploit 
a more general inhibitory control system than monolingual speakers, as indicated by 
better performance and/or lower reaction times (RTs) on several tasks involving 
verbal and non-verbal executive functions, such as the Simon task (Bialystok, Craik, 
Klein & Viswanathan, 2004; Martin-Rhee & Bialystok, 2008), the Stroop test 
(Martin-Rhee & Bialystok, 2008), the attentional network task (Costa, Hernández, 
& Sebastián-Gallés, 2008), or a task switching test (Prior & MacWhinney, 2010) 
(cf. Duñabeitia et al., 2014; Paap & Greenberg, 2013). This may be related to the 
simultaneous activation of the two languages regardless of the language in use (e.g., 
Costa & Santesteban, 2004; Marian & Spivey, 2003; see Kroll, Bobb, & 
Wodniecka, 2006 and Kroll & Dussias, 2013), as well as comparable patterns of 
neural activity across languages (e.g., Consonni et al., 2013; Díaz, Sebastián-Gallés, 
Erdocia, Mueller, & Laka, 2011).  
The question is whether this potential advantage in executive functions extends to 
sentence processing abilities. Studies in unimpaired bilinguals have shown that 
speakers transfer syntactic parsing across languages (Dussias & Sagarra, 2007; 
Frenck-Mestre & Pynte, 1997) and they are more resistant to sentence-level 
interference than their monolingual peers (Filippi, Leech, Thomas, Green & Dick, 
2012). Recently, Teubner-Rhodes et al. (2016) have tested the bilingual advantage 
hypothesis in Spanish-Catalan bilingual speakers in sentence parsing routines by 
using object-first garden-path sentences, as well as subject-first non-ambiguous 
sentences. Crucially, they have reported that bilingual speakers outperform 
monolinguals in their comprehension of both garden-path and non-ambiguous 
sentences. This suggests that the bilingual advantage goes beyond sentences 
involving conflict in thematic-role assignment. It is associated with a more general 
conflict-monitoring mechanism, and it is not limited to the enhancement of 
inhibitory processes (see Costa, Hernández, Costa-Faidella, & Sebastián-Gallés, 
2009; Martin-Rhee & Bialystok, 2008). Recently, Alladi et al. (2016) have reported 
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that the incidence of aphasia is similar in bilingual and monolingual speakers, 
whereas cognitive impairments due to stroke have significantly lower prevalence in 
bilingual than in monolingual speakers. The authors suggest these results are a 
consequence of mastering executive functions through a lifelong practice of 
language switching by bilingual speakers. In line with this, Penn, Frankel, 
Watermeyer, and Russell (2010) studied the neuropsychological correlates on 
executive functions in a small group of monolingual and bilingual PWA. Bilingual 
PWA showed better performance on standardized tasks, as well as within 
conversation, as described by response inhibition, interference control, working 
memory, and repair abilities. It is an open question whether this potential advantage 
also benefits bilingual PWA with sentence comprehension deficits compared to 
monolingual PWA. 
1.5. The role of online investigation of sentence comprehension 
Real time sentence resolution data are important to shed light on our understanding 
of comprehension deficits in PWA. The Visual World Paradigm (VWP) has been 
shown to be suitable in a variety of studies of sentence resolution in both PWA and 
healthy listeners. When participants are simultaneously presented with linguistic 
and visual information that is referentially related, the linguistic information drives 
visual attention shifts (Cooper, 1974; Eberhard, Spivey-Knowlton, Sedivy, & 
Tanenhaus, 1995). The shift is highly automatic and it becomes obvious within a 
narrow temporal window of approximately 200 ms after the disambiguating 
information becomes available (Matin, Shao, & Boff, 1993).  Thus, the study of 
gaze fixation patterns within the visual display allows for inferences regarding how 
the participant processes linguistic information in real time. Although most of the 
studies on VWP focus on attention shifts towards the target stimuli, examining gaze 
fixations towards the competitor picture has a potential value to get insight into 
cognitive control and executive functions in terms of inhibitory abilities (Bartolotti 
& Marian, 2011; Thibaut & French, 2016; Trude & Nozari, 2017; see Miyake et al., 
2000; Nozari, Trueswell, & Thompson-Schill, 2016; but see Blumenfeld & Marian, 
2011). When several pictures are shown on the visual display, in order to 
successfully resolve the task, inhibitory mechanism must be activated towards the 
non-target elements to a varying degree, depending on the task and the relation 
between target and distractor/competitor (see Becker, 2010). There is evidence 
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suggesting that poorer ability to inhibit the distractor/competitor picture is related to 
immature or handicapped executive functions, as it has been shown in PWA and 
children in relation to Non-Brain-Damaged (NBD) adults (Laurinavichyute, 
Ulicheva, Ivanoca, Kuptsova & Dragoy, 2014; Thibaut & French, 2016).  
We present a twofold study. Firstly, a cross-linguistic examination of sentence 
comprehension will be conducted in a group of Basque-Spanish bilingual PWA and 
matched NBD participants. Secondly, we will compare the performance of bilingual 
and monolingual speakers of Spanish in sentence comprehension, and the potential 
benefit that bilingualism may provide to PWA.  
1.6. Linguistic backgrounds 
1.6.1. Basque: 
Basque is a language isolate, with very rich inflectional morphology. The subject, as 
well as the direct and indirect objects agrees with the inflected verb in person, 
number, and case. It is a free word-order language, with Subject-Object-Verb 
(SOV) as its base order (De Rijk, 1969; Erdocia, Laka, Mestres-Missé, & 
Rodriguez-Fornells, 2009). In addition, Basque is an ergative language (Levin, 
1983; Ortiz de Urbina, 1989; Laka, 2006). According to Levin (1983) and Laka 
(2006), case morphology corresponds directly with thematic roles: ergative case 
corresponds to agents, absolutive case corresponds to themes, and dative case 
corresponds to goals. For example, the objects of transitive verbs and the subjects of 
unaccusative verbs have the same morphological (zero) marking (1-2), called 
“absolutive” (Ø), while the agentive subject of transitive verbs carries ergative case 
(-k) (1).  
 
(1) Txakurr-a-k katu-a- Ø harrapatu du. 
dog-det-erg cat-det-abs caught  aux.has 
The dog has caught the cat 
(2) Txakurr-a- Ø etorri  da. 
dog-det-abs arrived  aux.is 
The dog has arrived 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 9
Given the freedom of sentence word order in this language, sentences starting with 
an absolutive marked (Ø) determiner phrase (DP) are temporarily ambiguous in 
Basque. Until disambiguation, the DP can correspond to the subject of an 
unaccusative verb (2), or to a sentence-initial object (3), or to a topicalized object in 
a OSV sentence (4) (see also Laka, 2012).  
 
(3) (txakurr-a-k) katu-a- Ø harrapatu du. 
dog-det-erg cat-det-abs caught  aux.has 
(The dog) has caught the cat 
(4) Katu-a- Ø txakurr-a- k harrapatu du. 
cat-det-abs dog-det-erg caught  aux.has 
The dog has caught the cat 
 
When presented with temporarily ambiguous sentences such as (4), healthy speakers 
employ a “subject-first” processing strategy, and systematically revise their initial 
parsing routine when confronted with the second DP (Erdocia et al., 2009). There is 
evidence suggesting that healthy speakers of Basque use word-order information to 
resolve morphological ambiguities affecting sentence interpretations (for a review, 
Laka & Erdocia, 2012). 
1.6.2. Spanish: 
Spanish is a Romance language with subject-verb agreement for number and 
person. In addition, determiners, nouns and adjectives are inflected for gender and 
number. The base order is SVO, and sentence word order is quite flexible. Animate 
and definite objects are marked with the preposition ‘a’ except in passive 
constructions (Leonetti, 2003). In active voice (5) the subject is the agent, while for 
the passive voice (6) the agent of the sentence is realized as an adjunct by-phrase. 
The theme is the object of the active sentence and the subject of the passive 
sentence. In (7), the object is the antecedent of a subject-gap relative clause, and in 
(8) the object heads a cleft, with an object gap. 
 
(5) La   mujer       ha   peinado          a        la  niña 
det   woman    aux.has comb-PTCP   prep  det girl 
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The woman has combed the girl. 
(6) La     niña    ha   sido   peinada por     la  mujer 
det    girl      aux.has   be-PTCP   comb-PTCP   prep   det woman 
The girl has been combed by the woman. 
(7) Veo    a         la  mujer      que   peina     a  la  niña 
see      prep   det woman    pron-rel     comb    prep    det   girl 
I see the woman who combs the girl 
(8) Es     a      la  niña    a       la   que  peina la     mujer 
be     prep det  girl     prep  det rel-pron  comb det   woman 
It is the girl who the woman combs 
 
Psycholinguistic studies on Spanish have shown that processing semantically 
reversible theme-initial sentences demands more cognitive resources, as reflected in 
increased brain activity (Casado, Fernández-Frías, Martín-Loeches, & Muñoz, 
2005; Del Río et al., 2011), reduced comprehension accuracy (Del Río et al., 2011), 
increased RT (Del Río et al., 2011; Del Río, López-Higes, & Martín-Arangoneses, 
2012) and slower reading times (Bentacort, Carreiras, & Sturt, 2009), in comparison 
to agent-first structures. Studies using simple (Casado et al., 2005; Del Río et al., 
2012), as well as embedded structures (Bentacort et al., 2009; Del Río et al., 2011) 
have found effects in relation to argument order, aside from syntactic complexity 
factors. In a similar manner to Basque, when presented with temporarily ambiguous 
theme-first sentences in Spanish, listeners prefer to interpret the sentence according 
to the subject-first bias, and to subsequently implement a full thematic-parsing 
routine if conflict is introduced at the disambiguation point (see Del Río et al., 
2011).  
1.7. Research questions 
The present study analyses the processes involved in sentence comprehension in 
bilingual and monolingual speakers combining behavioural (accuracy and reaction 
time) and eye-tracking methods. The study has two parts: (1) a group of bilingual 
PWA and NBD performing a sentence comprehension task in Spanish and Basque; 
(2) a group of bilingual and monolingual PWA and NBD performing a sentence 
comprehension task in Spanish.  
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We aim to answer the following research questions:  
 
i. What is the influence of different types of morphological markers (i.e., 
case-marking vs. prepositions) on sentence comprehension deficits in 
bilingual PWA? 
 
Accuracy data will be analysed to shed light on this question. Better comprehension 
accuracy in Basque in relation to Spanish suggests that PWA show better-preserved 
processing of case-making than of prepositional cues. This is probably because in a 
free word order language like Basque, case morphology is a more reliable cue to 
parse agent and theme roles than the prepositional system used in Spanish. 
However, we have previously found that processing case morphology is particularly 
affected in PWA speakers of languages such as German (Burchert et al., 2003; 
Hanne et al., 2015) and Basque (Arantzeta et al., 2017). Therefore, no clear 
expectations can be drawn.   
 
ii. Do bilingual PWA outperform monolingual PWA in comprehending 
semantically reversible sentences as a consequence of enhanced 
executive functioning? 
 
Comprehension accuracy, reaction time and eye-tracking data will be analysed to 
get insight into this question. NBD participants are likely to perform at ceiling level 
in sentence comprehension, so we do not expect to be able to detect a bilingual 
advantage in NBD participants. In line with the evidence suggesting that a) 
bilingualism enhances executive functions, and b) difficulties comprehending 
reversible sentences in derived word orders may be due to impaired inhibitory 
processes, we hypothesise that i) monolingual PWA will be less accurate than 
bilingual PWA comprehending sentences in derived argument order because of their 
poorer inhibition capacities towards the interpretation represented by the distractor; 
ii) monolingual PWA will have longer reaction times than bilingual PWA in the 
correct answers; iii) monolingual PWA will fixate more on the picture showing the 
reverse interpretation of the sentence (i.e. competitor picture) while solving the task 
in the correctly answered trials. 
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2. Methods 
This study obtained the approval of the Basque Clinical Research Ethics Committee 
(CEIC-E). All participants signed an informed consent form, as a voluntary 
agreement to participate in the study, about which they were fully informed.  
 
2.1. Participants 
Fourteen PWA (11 male and 3 female) ranging in age from 55 to 85 with a mean 
age of 66.1 (sd: 10.4) were included in this study. Seven of these participants were 
early bilingual speakers of Basque (L1) and Spanish (L2) and seven were 
monolingual speakers of Spanish. PWA were included in the study based on their 
observed aphasic syndrome without regard to their lesion localization (see Willmes 
& Poeck, 1993). They were all pre-morbidly right-handed as assessed by the 
Edinburgh Handedness Inventory (Oldfield, 1971) and had chronic non-fluent 
aphasia as a consequence of a cerebrovascular accident. Visual neglect was 
excluded with the Behavioral Inattention Test (Wilson, Cockburn, & Halligan, 
1987). Fourteen NBD participants were included (8 male and 6 female) ranging in 
age from 44 to 82 with a mean age of 62.9 (sd: 12.0). They were comparable in age 
range and educational level to the PWA (see Appendix A1 for individual 
demographic data). All subjects had normal or corrected-to-normal vision and 
hearing. 
The bilingual group consisted of L1 Basque - L2 Spanish speakers. Information 
related to their linguistic profile was collected using the Bilingual Language Profile 
formulary (Birdsong, Gertken, & Amengual, 2012; adapted to Spanish-Basque by 
Arantzeta, 2016). Participants acquired Spanish at an early age (<5 years). They all 
reported speaking both Basque and Spanish for more than 20 years. Overall, 
individual data related to linguistic background and usage (see Appendix A2) 
suggested that all participants were balanced bilinguals. As expected for age 
reasons, all participants were literate only in Spanish3.  
                                                        
3   
The Basque Country was under the Franco’s dictatorship from the late ’30s to the late ’70s. 
During this period, Basque was forbidden by law. The literacy language at schools was only 
Spanish, and Basque was the family/social language, which was frequently used clandestinely.  
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Prior to the participation of PWA into the experiment, their linguistic abilities were 
assessed. Bilingual speakers were assessed in both Basque and Spanish, while 
monolingual speakers were only assessed in Spanish. Linguistic assessment in 
Basque and Spanish was conducted with the Cognitive Neuroscience Laboratory 
language screening battery (CNL; Chialant, 2000; adapted to Basque by Erdocia, 
Santesteban, & Laka, 2003) and the extended version of the Boston Aphasia Test 
(BDAE; Goodglass, Kaplan, & Barresi, 2005; adapted to Spanish by García-Albea, 
2005). In the former, the subparts of auditory discrimination, and lexical and 
sentence comprehension were assessed. Sentence comprehension was assessed 
using a spoken-sentence-to-picture-matching task, and included simple and 
embedded declaratives presented in both base word order (SOV) and derived word 
order (OSV). Lexical comprehension, commands, complex ideational material and 
syntactic processing (“touch A with B” and “embedded sentences”) of the BDAE 
were administered. See Appendix A3 for individual results in each section.  
All PWA had preserved lexical comprehension abilities, and impaired sentence 
comprehension abilities. The latter was determined based on < 75% accuracy in the 
sentence comprehension task and syntactic processing composite score (i.e., “Touch 
A with B” and “Embedded sentences”), in Basque and Spanish, respectively. 
Bilingual and monolingual PWA did not differ in the language scores obtained 
across any of the subtests of the BDAE, as shown by two-sided t-test comparisons 
conducted in each section (see Appendix A3). In addition to the assessment related 
to the inclusion criteria, working memory was examined using the Forward Digit-
span task4 (WAIS-III; Wechsler, 1997), where bilingual PWA could choose which 
language to use for counting. 
2.2. Design and materials 
The linguistic and visual materials used in this study were the same as in Arantzeta 
et al. (2017). They consisted of pairs of pictures shown together with auditorily 
presented sentences. One of the pictures matched the heard sentence (i.e., target), 
while the other represented the same action with reversed Agent-Theme thematic 
roles (i.e., distractor) (see Figure 1).  
                                                        
4  Participants were auditorily presented with a series of numbers that progressively 
increased in length, and they were required to repeat the numbers in the same order.   
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[Figure 1 around here] 
 
2.2.1. Linguistic stimuli:  
Two sets of equivalent linguistic stimuli were used in Basque and Spanish. The 
original materials used in Arantzeta et al. (2017) were kept similar for the Spanish 
version. The same twenty-two transitive verbs and singular DPs were combined to 
create the items in Spanish. The stimuli were presented in four word order 
conditions in Basque (a) SOV; (b) OSV; (c) VSO; and (d) VOS; and six conditions 
in Spanish; (a) active; (b) passive; (c) subject relative; (d) object relative; (e) subject 
cleft; (f) object cleft. There were 20 trials per condition. In Basque, the experiment 
consisted of a total of 176 trials; 80 experimental items, 80 filler items and 16 
practice items, while in Spanish, there were 126 trials, consisting of 120 
experimental items and 12 practice trials.  
In order to have fully comparable sets of stimuli across languages, sentence 
conditions were clustered as Agent-Theme and Theme-Agent. The former contained 
the Basque SOV, VSO and the Spanish active, subject relative and subject cleft 
conditions, while the latter contained the Basque OSV, VOS and Spanish passive, 
object relative and object cleft conditions. In both languages, the assignment of 
Agent-Theme roles into the DPs of the sentences was randomized across the 
conditions. For instance, in sentences with the verb ‘to comb’ and the DPs ‘girl’ and 
‘woman’, ‘girl’ was randomly taken as Agent in half of the sentence conditions, and 
‘woman’ in the other half. 
In Basque, the Agent of the sentence is always overtly marked by means of the 
ergative case marker (-k) attached to the end of the DP, while the Theme is zero-
marked for absolutive case (See 9-12. All sentences mean, “The wild boar has hurt 
the hunter”).  
(9) Subject – Object – Verb (– aux)  
basurde-a-k   ehiztaria-a-Ø  zauri-tu du 
wild boar-det-erg  hunter-det-(abs) hurt-perf.  aux.has 
(10) Object – Subject – Verb (– aux)  
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ehiztari-a-Ø  basurde-a-k  zauri-tu du 
hunter-det-abs wild boar-det-erg  hurt-perf. aux.has 
(11) Verb (– aux) – Subject – Object 
zauri-tu du      basurde-a-k  ehiztari-a-Ø   
hurt-perf. aux.has     wild boar-det-erg hunter-det-abs 
(12) Verb (– aux) – Object – Subject 
zauri-tu du  ehiztari-a-Ø   basurde-a-k  
hurt-perf. aux.has hunter-det-abs  wild boar-det-erg  
 
The set of stimuli in Basque contained filler items using 22 unaccusative verbs in 
combination with a single animate DP. To keep sentence length between target and 
filler stimuli constant, a temporal adverb was added. Filler stimuli were also 
presented in the four word order conditions of the experimental stimuli, although in 
this case the temporal adverb occupied the linear position of the grammatical object 
in the sequence. Filler stimuli were included in the original study to maintain the 
syntactic ambiguity implied in OSV constructions due to the case morphology of 
the language (see Arantzeta et al., 2017). In its absence in the case of Spanish, no 
filler stimuli were needed. (See 13-16. All sentences mean, “The dancer has 
suddenly become thin.”). 
 
(13) Dantzari-a-Ø  bapatean  argaldu  da 
dancer-det-abs suddenly become.thin aux.has 
(14) Bapatean dantzari-a-Ø argaldu da 
suddenly  dancer-det-abs become.thin  aux.has 
(15) Argaldu da  dantzaria-a-Ø bapatean 
become.thin aux.has dancer-det-abs suddenly 
(16) Argaldu da  bapatean dantzari-a-Ø  
 become.thin aux.has suddenly dancer-det-abs 
 
In Spanish, active sentences (17) were formed using the perfect present tense to 
have a comparable verb length (in ms.) with the counterpart passive sentences (18). 
In the relative clauses the verbal phrase “I see” introduced the antecedent and the 
relative pronoun “que” functioned as subject (19) or object (20). In the cleft 
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sentences, the contrastive element became the complement of the copular verb 
“ser”, and the relative pronoun “que” introduced the rest of the sentence (21-22). In 
object-relative constructions, the relative pronoun was preceded by the preposition 
“a” (gets contracted to “al” when followed by a masculine definite article “el”), as 
well as the direct object in the cleft constructions.  
 
(17) El  árbitro  ha   empujado  al   portero 
det   referee  aux.has push-PTCP    prep+det   goalkeeper 
The referee has pushed the goalkeeper. 
(18) El     portero    ha       sido  empujado  por  el      árbitro.  
det   goalkeeper aux.has   be-PTCP  push-PTCP   by   det   refere 
The goalkeeper has been pushed by the referee. 
(19) Veo  al       árbitro    que  empuja  al        portero  
I see    prep+det   referee    pron-rel    push      prep+det   goalkeeper 
I see the referee who pushes the goalkeeper. 
(20) Veo    al     portero    al        que          empuja   el     árbitro 
see     prep+det  goalkeeper   prep+det  pron-rel   push  det   referee 
I see the goalkeeper who the referee pushes. 
(21) Es   el      árbitro     el    que           empuja  al        portero 
be   det    referee    det   rel-pron    push      prep+det goalkeeper 
It is the referee who pushes the goalkeeper. 
(22) Es   al   portero        al        que    empuja  el     árbitro   
be   prep+det goalkeeper  prep+det  rel-pron   push  det   referee 
It is the goalkeeper who the referee pushes. 
 
The linguistic stimuli were recorded by a female native speaker of standard 
peninsular Spanish in a soundproof booth (IAC) using a digital microphone (audio-
technica AT4022a). An average speech rate was 4.79 syllables/sec, slightly higher 
than in Basque (i.e., 3,57 syllables/sec; see Arantzeta et al., 2017), but it is still 
within the parameters for normal speech (3-6 syllables/sec; Levelt, 2001).  
In Spanish, the auditory presentation of the linguistic stimuli was segmented into 
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Regions Of Interest (ROIs) for subsequent gaze data analysis. ROI 1 agreed with the 
subject/object of the main clause or the antecedent of the relative clause; ROI 2 with 
the (relative pronoun +) verbal phrase; and ROI 3 with the subject/object of the 
verbal phrase. A post-offset ROI 4 was included with a length 1120 ms. ROIs of the 
experimental stimuli were individually measured using the Computerized Language 
Analysis software (MacWhinney, 2000) and subsequently length duration was 
pairwise compared. As shown in Table 1, no difference was found across the paired 
conditions (i.e., active vs. passive, subject vs. object relative, subject vs. object 
cleft), or across argument orders (i.e., Agent-Theme vs. Theme-Agent), likewise 
linguistic material in Basque (see Arantzeta et al., 2017).  
 
[Table 1 around here] 
 
2.2.2. Visual stimuli: 
The visual stimuli consisted of 88 and 44 black-and-white line drawings in Basque 
and Spanish (see footnote 5). They were presented in 44 and 22 pairs depicting the 
same action, but with inverse Agent/Theme thematic roles, as illustrated in Figure 1 
(see above). The pictures were approximately 15x15 cm. For detailed information 
about the visual material and corresponding normalization see Arantzeta et al. 
(2017).  
The presentation of the visual stimuli was pseudo-randomized following two 
criteria. Firstly, no more than two target stimuli could occur in a row on the same 
side of the screen. Secondly, the direction in which the action was performed was 
also balanced across the stimuli to avoid left-to-right scanning (Scheepers & 
Crocker, 2004). 
 
2.3. Procedure 
No part of the study procedures was pre-registered prior to the research being 
conducted.  The experiments were conducted using E-Prime 2.0.10 with extensions 
for Tobii 2.0.2.41 (ClearView; Psychology Software Tools, Pittsburgh, PA). The 
visual stimuli were presented on a 23 inches wide LED monitor at 1280*720 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 18
resolution, while the auditory stimuli were presented through binaural headphones. 
A Tobii 120 Desktop Eye tracker (sampling rate 120 Hz, accuracy 0.5 degrees) was 
placed in the low-centre of the screen, set at 15° angle (max. allow 35°) to monitor 
the gaze-movements of both eyes across the screen. The distance between the 
participants and the screen was 60-70 cm.  
Separate experimental sets were fitted for each language. Each experimental set was 
divided into four blocks of 40 and 30 items in Basque and Spanish, respectively. No 
more than two blocks in each language were administered in each experimental 
session, always preceded by the trial items.  
The experiment consisted of a spoken-sentence-to-picture-matching task. Before the 
presentation of each block of stimuli, a 5-point eye-movement calibration was 
conducted. Subsequently, participants were given written instructions on the screen, 
which were also read aloud and explained. A fixation slide, containing a smiley 
face, centred in the middle of the screen, introduced each trial. Participants had to 
fixate onto the smiley face for at least 250 ms before being presented with the 
experimental stimuli. This arrangement ensured that participants were looking at the 
middle of the screen prior to the presentation of the experimental stimuli. First, the 
two pictures were presented on the screen for 1000 ms, before the auditory stimulus 
was presented. Participants had to select the picture that best corresponded to the 
meaning of the heard sentence by using specific buttons on the keyboard. Both 
PWA and NBD groups responded using the left hand, with the exception of a 
participant with crossed aphasia/ left hemiplegia (A2). 
Gaze data and auditory stimuli were time aligned with a correction of 200 ms based 
on the estimated time required to program and execute the saccade beyond the 
presentation of the linguistic information (Matin, Shao, & Boff, 1993). Fixations 
with durations shorter than 90ms (11 data points) were rejected from the analysis to 
exclude ocular artefacts (e.g., blinks and saccades). 
Gaze data were processed by calculating the proportion of fixations to the distractor 
picture from ROI 1 to ROI 4 of the auditory stimuli. The proportion of gaze-
fixations was computed based on the total duration of looks to the target and 
distractor pictures, and it ranged between 0 and 1. Values closer to 1 indicated 
fixations on the distractor picture. As expected, the data showed a u-shape 
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distribution, with the extreme values (0 and 1) being the most frequent, opposite to 
the middle class interval. The data were log transformed in order to have a linear 
scale for analysis. Only answers provided within a time window of 11360 ms from 
the onset of the linguistic stimuli (i.e., consistent with the 8000 ms post-offset 
established in Arantzeta et al., 2017) were considered valid across both languages. 
Trials that were not answered in this time period represented 2.59% and 1.46% 
experimental items in Basque and Spanish, respectively, and were excluded from 
further data analysis.  
3. Data analysis 
No part of the study analyses was pre-registered prior to the research being 
conducted.  Generalized Linear Mixed-effects Models (GLMM) and Linear Mixed –
effects Models (LMM) were used to analyse binomial (i.e., accuracy) and 
longitudinal (i.e., reaction time and gaze fixation) data, respectively.  
In the model building, an inclusion of fixed effects predictors was determined by the 
research questions, and the best random-effects structure was assessed using 
Akaike’s Information Criterion (AIC; Akaike, 1974). Least square means 
(LSMeans) were used for comparing LS-mean differences on the basis of the 
specific mixed model. The RT and gaze data were log transformed and the 
numerical predictor trial number was centred. Tukey correction was used for 
multiple comparisons, and p<.05 was considered significant. The statistical software 
R was used for this analysis (R Core Team, 2015, v.3.3.3). The analysis code will 
be provided to the reader under request. 
Additionally, we conducted an individual case analysis by using an odds ratio in 
order to assess the size of the association between argument orders (i.e., Agent-
Theme versus Theme-Agent) in each language in bilingual PWA. The odds ratio 
was log transformed in order to calculate the correlations of probabilities of 
individual performance in Basque and Spanish.  
 
4. Results 
4.1. Sentence comprehension in the bilingual group: Basque vs. Spanish 
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4.1.1. Comprehension accuracy in Basque and Spanish: 
Bilingual PWA correctly comprehended 64.89% and 73.74% of the sentences in 
Basque and Spanish, respectively. Bilingual NBD performed close to ceiling level, 
correctly comprehending 92.11% of the stimuli in Basque and 95.55% of the stimuli 
in Spanish. Details of accuracy based on argument order across groups and 
languages are provided in Figure 2. See Table 2 and Table 3 for individual scores 
in Basque and Spanish. 
[Figure 2 around here] 
[Table 2 around here] 
[Table 3 around here] 
 
The accuracy data were analysed with GLMM containing a three-way interaction 
between group (PWA, NBD), argument order (Agent-Theme, Theme-Agent) and 
language (Basque, Spanish). By means of random effects, we accounted for 
variability within-participants (i.e., likelihood of each participant to answer 
correctly) and within stimuli (i.e., degree of difficulty of each stimuli). PWA 
comprehended the sentences significantly worse than NBD in both Agent-Theme 
(A-T) and Theme-Agent (T-A) argument orders in Basque (A-T: ß= 1.536; SE= 
0.293; p=<.0001; T-A: ß=2.145; SE= 0.262; p=<.0001) and Spanish (A-T: ß= 
1.463; SE= 0.280; p=<.0001; T-A: ß= 2.559; SE= 0.285; p=<.0001). Sentence 
comprehension was worse in Basque than in Spanish regardless of the argument 
order for PWA (A-T; ß= -0.448; SE= 0.194; p= 0.0212; T-A; ß= -0.425; SE= 0.162; 
p= 0.0088). NBD participants also performed worse in Basque than in Spanish in 
sentences presented in Theme-Agent argument order (ß= -0.839; SE= 0.324; p= 
.0096), but not when the stimuli were presented in Agent-Theme argument order 
(ß= -0.374; SE= 0.329; p= 0.2557). 
In addition, we conducted a single case analysis of the likelihood of each PWA 
correctly answering sentences presented in Agent-Theme and Theme-Agent 
argument order, separately in each language. Detailed Odds Ratios (OR) are 
presented in Table 4. Data showed that the odds of answering sentences correctly as 
a function of argument order varied significantly between languages across the 
participants. As illustrated in Figure 2, some participants showed a marginal 
dissociation between language and argument order (r= -0.52; p= 0.054). Participant 
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A1, who had the largest odds ratio between Agent-Theme and Theme-Agent in 
Basque (OR= 8.92), presented the lowest odds ratio between Agent-Theme and 
Theme-Agent in Spanish (OR= 1.20). In contrast, participant A4, who had the 
lowest odds ratio in Basque (i.e., OR= 1.37), had the largest ratio in Spanish (OR= 
15.44). For participant A3 argument order had a greater impact in Spanish than in 
Basque, and A6 showed the reverse pattern. Some participants (A2, A5, A7) did not 
show cross-linguistic differences in this regard. See Figure 3. 
 
[Table 4 around here] 
[Figure 3 around here] 
 
In summary, accuracy data indicated that PWA showed poorer sentence 
comprehension than NBD participants in both Basque and Spanish, and across all 
argument orders. PWA comprehend sentences presented in Agent-Theme order 
better than those presented in Theme-Agent order. This finding is consistent in both 
Basque and Spanish. Cross-linguistic comparison demonstrates that PWA perform 
worse in Basque than in Spanish, regardless of the argument order. Also, NBD 
performed worse in Basque than in Spanish, but only in sentences presented in non-
linear Theme-Agent order. However, single case analysis has uncovered that the 
effect of argument order in the comprehension abilities of individual PWA is 
different in Basque and Spanish.  
4.2. Sentence comprehension in Spanish: Bilingual vs. Monolingual speakers 
4.2.1. Comprehension accuracy: bilingual vs. monolingual speakers  
Bilingual and monolingual PWA comprehended 73.74% and 70.51% of the 
sentences, respectively. NBD performed at ceiling level; bilingual speakers had 
95.55% accuracy and monolingual speakers had 96.65% accuracy. Results of 
response accuracy regarding the argument order as a function of group and 
mono/bilingualism are provided in Figure 4.  
 
[Figure 4 around here] 
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In the GLMM of the accuracy data the predictors of interest were the group (PWA, 
NBD), argument order (Agent-Theme, Theme-Agent) and bilingualism (bilinguals, 
monolinguals) in a three-way interaction. The random effects accounted for the 
variability across participants and stimuli. Moreover, a nested random-effect was 
added to enable a more precise estimation of the effect of argument order in each 
participant and stimuli.  
PWA comprehended sentences less well than NBD in both Agent-Theme (ß= -
1.817; SE= 0.335; p= <.0001) and Theme-Agent (ß= -2.776; SE= 0.335; p=<.0001) 
argument order. In addition, PWA showed better performance in sentences 
presented in Agent-Theme argument order than in Theme-Agent order (ß=0.897; 
SE= 0.261; p= 0.0006). The NBD group did not show accuracy differences based on 
the order in which arguments were presented in the sentence (ß=-0.061; SE= 0.344; 
p= 0.8584), probably a ceiling effect. Being monolingual or bilingual did not have 
an effect on the sentence comprehension accuracy of PWA (ß= 0.077; SE= 0.359; 
p= 0.8281) nor in NBD (ß= -0.313; SE= 0.423; p= 0.4595) groups.  These results 
were consistent across sentences presented in Agent-Theme argument orders (PWA; 
ß= 0.275; SE= 0.425; p= 0.5177; NBD; ß= -0.302; SE= 0.514; p= 0.5557) and 
Theme-Agent argument orders (PWA; ß= -0.119; SE= 0.407; p= 0.7692; NBD; -
0.323; SE= 0.531; p= 0.5430).  
4.2.2. Reaction time (RT) in Spanish: bilingual vs. monolingual speakers 
Mean RTs and standard error are provided in Table 5. The LMM used to analyse 
the RTs included a four-way interaction between group (PWA, NBD), argument 
order (Agent-Theme, Theme-Agent), response accuracy (correct, incorrect) and 
bilingualism (bilingual, monolingual) as predictors. In addition, the model included 
random effects for subject (i.e., the likelihood of each participant to answer 
correctly) and stimuli (i.e., the degree of difficulty that a specific stimulus may 
impose). In addition, nested random-effects were added to account for differential 
variability in the effect of argument order and response accuracy in each subject, as 
well as to account for the effect of trial number (i.e., from 1 to 120, the position of 
the presentation of a given trial in relation to the others) in each stimulus. Based on 
this model, outliers beyond ±2.5 SD from the mean were excluded from further 
analysis, consisting of the 1.90% of the data.  
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[Table 5 around here] 
 
There was a significant two-way interaction between group and argument order. 
PWA showed longer RTs than NBDs in sentences presented in Agent-Theme (ß= 
0.301; SE= 0.060; p= <.0001) and Theme-Agent (ß= 0.418; SE= 0.060; p= <.0001) 
argument orders. PWA showed significantly shorter RTs in sentences presented in 
Agent-Theme, than in Theme-Agent argument order (ß= -0.058; SE= 0.025; p= 
0.0237), whereas this was not the case in the NBD group (ß= 0.058; SE= 0.037; p= 
0.1199).  
There was another significant two-way interaction between bilingualism and 
response accuracy. Bilingual speakers did not show RT differences based on 
response accuracy (ß=0.030; SE= 0.028; p= 0.2851), whereas monolingual speakers 
took significantly longer to react in incorrect than correct answers (ß= 0.127; SE= 
0.030; p= 0.0001). RT difference as a function of bilingualism was not significant 
across groups (PWA; ß= -0.056; SE= 0.078; p= 0.4688; NBD; ß= -0.073; SE= 
0.083; p= 0.3773).  
4.2.3. Gaze data analysis in Spanish: bilingual vs. monolingual speakers 
In the LMM the predictors of interest were the ROI (1 to 4), argument order (Agent-
Theme, Theme-Agent), response accuracy (correct, incorrect), group (PWA, NBD) 
and bilingualism (bilingual, monolingual) in a five-way interaction. The random 
effects accounted for the variability across participants and stimuli. In addition, 
model comparison uncovered that the effect of sentence condition and response 
accuracy greatly varied in each participant and stimulus. For example, the 
presentation of a passive sentence condition had a different effect in the gaze-
fixation behaviour in each specific stimulus, or the effect of answering correctly or 
incorrectly affected in a different manner the gaze-fixation pattern of each 
participant. Nested random-effects were included to account for this variance. 
In the next section we will focus on the statistical outcomes directly related to our 
research questions. There was a significant two-way interaction between response 
accuracy and bilingualism. Bilingual speakers fixated less than monolingual 
speakers towards the distractor picture in the correctly answered trials (ß= -0.70; 
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SE= 0.237; p= 0.0057), but not in the incorrectly answered ones (ß= 0.916; SE= 
0.535; p= 0.0876).  
There was a significant three-way interaction between ROI, bilingualism and 
response accuracy (see Figure 5). At the correctly answered trials, bilingual 
speakers fixated significantly less than monolingual speaker on the distractor in ROI 
3 (subject/object of the verbal phrase) (ß= -0.788; SE= 0.317; p= 0.0146) and ROI 4 
(post-offset) (ß= -1.854; SE= 0.350; p= <.0001). There were no significant 
differences in the previous ROIs (ROI1, ß= 0.002; SE= 0.313; p= 0.9926; ROI2; ß= 
-0.174, SE= 0.314; p= 0.5804). In the incorrect answers, bilingual speakers fixated 
more than monolingual speakers into the distractor picture during the auditory 
presentation of ROI 3 (subject/object of the verbal phrase) (ß= 2.262; SE= 0.929; p= 
0.0149). There were not significant differences in the rest of ROIs (ROI1, ß= 0.451; 
SE= 0.885; p= 0.6101; ROI2, ß= -0.235; SE= 0.886 p= 0.7907; ROI4, ß= 1.186; 
SE= 1.166; p= 0.3092). 
[Figure 5 around here] 
 
In summary, accuracy data uncovered no comprehension differences between 
bilingual and monolingual speakers while performing the same task. RT data 
showed that PWA took significantly longer than NBD to provide an answer, in both 
Agent-Theme and Theme-Agent sentences. Monolingual speakers took longer to 
answer incorrectly answered trials than correctly answered ones, in contrast to 
bilingual speakers. Gaze fixation data analysis show that differences between 
monolingual and bilingual speakers are substantial in the correctly answered trials in 
which monolingual speakers fixate into the distractor picture more than bilingual 
speakers. Interestingly, in-depth analysis across the ROIs suggests that monolingual 
speakers tend to fixate on the distractor more than bilingual speakers from ROI3 
(i.e. post-verbal subject/object) onward in the correct trials, whereas bilingual 
speakers tend to fixate on the distractor significantly more than monolingual 
speakers exclusively in ROI3, in the incorrectly answered trials. We will interpret 
these results in the next section.  
5. Discussion  
By combining accuracy, reaction time and/or gaze-fixation data, we examined a 
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group of L1 Basque-L2 Spanish bilingual and Spanish monolingual PWA, as well 
as NBD to get insight into a) the impact of different types of morphological markers 
(i.e., preposition vs. case-marking) on cross-linguistic sentence comprehension 
deficits in PWA; b) the potential advantage of bilingual speakers, in relation to 
monolingual speakers in processing semantically reversible sentences, due to 
enhances inhibitory control. Data analysis showed that in both the PWA and NBD 
groups, processing case-marking is more impaired than processing prepositional 
information, although this pattern does not necessarily apply to all the individual 
subjects. Also, analysis of gaze-fixation suggested that bilingual speakers show 
enhanced inhibitory and monitoring abilities compared to monolingual speakers. 
However, it does not aid sentence comprehension deficits in the bilingual PWA. 
5.1. Cross-linguistic sentence comprehension processing in bilingual PWA and 
NBD 
The accuracy results converge with previous findings that show that sentence 
comprehension deficits in PWA are strongly related to derived (Theme-Agent) 
order of sentential arguments (e.g., Bastiaanse & Van Zonneveld, 2006; Burchert, et 
al., 2003; Caramazza & Zurif, 1976; Caplan & Futter, 1986; Grodzinsky, 1995, 
2000; Mitchum and Berndt, 2008; Schumacher et al., 2015). 
At the group level, the cross-linguistic comparison between bilingual participants 
showed that both PWA and NBD performed worse in Basque than in Spanish. For 
PWA this pattern was found for both argument orders (i.e., Agent-Theme and 
Theme-Agent), while the NBD participants had better comprehension in Spanish 
only for sentences presented in Theme-Agent argument order. Comparison across 
groups of PWA speaking different languages is always difficult because of the 
variability between the participants who make up the groups. The cross-linguistic 
differences in the NBD group, however, suggest that there may be aspects intrinsic 
to the languages that impact on sentence comprehension performance. Frequency 
factors maybe such a factor. However, sentences with Theme-Agent order are more 
frequent in a free-word-order language such as Basque than in Spanish. Also, 
corpus analysis suggests that in Basque OVS and VOS word orders are more 
frequent that VSO (Aldezabal, 2003). Altogether, it is unlikely that the cross-
linguistic differences found in this study are motivated by the prevalence of certain 
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argument orders in the languages spoken by the participants.  
Another potential explanation of the cross-linguistic difference relate to the position 
that the verb takes into the sentence in each language. Recall that the canonical 
word order in Spanish is SVO, whereas in Basque it is SOV. In our experiment, 
sentences with Theme-Agent argument order always belong to OVS word order in 
Spanish, whereas they were presented in OSV or VOS word orders in Basque. 
According to some authors, sentence processing in verb-final languages requires 
more memory resources because thematic roles cannot be assigned until the verb is 
reached (see Gibson 1991, 1998, 2000; Gibson et al. 2013). One could argue that 
this potentially impacts on sentence comprehension accuracy of adult NBD 
participants, and results in poorer sentence comprehension in Basque than in 
Spanish in sentences with Theme-Agent argument order. We believe it is unlikely 
that this is the case. The gaze-fixation analysis conducted in this same group of 
participants in Arantzeta et al. (2017) showed that in Basque, both NBD and PWA 
always resolve sentences (visually) in the vicinity of the subject. That is, 
participants do not wait till the presentation of the verb to interpret the sentences, 
because they can establish an interpretative relation between the arguments based on 
morphological case information. These results converge with previous work on 
other head-final languages, such as German and Japanese, where listeners show 
anticipatory thematic role assignment (Kamide, Altmann, & Haywood, 2003), and 
the position of the verb does not impact on the processing load involved on sentence 
interpretation (Konieczny, 1996; Nakatani & Gibson, 2010; Sheepers et al. 1999; 
Yamashita, 1997). 
We believe that the most parsimonious explanation for the cross-linguistic 
differences found in NBD participants is related to the acoustic salience of the 
morphological cues in Basque and Spanish. That is, the extent to which the acoustic 
features of the linguistic stimuli impose different degrees of difficulty. In Basque 
the agent of the verb is marked for ergative case by means of a morpheme –k 
attached at the end of the argument, whereas in Spanish the (animate) theme or the 
agent of the verb is always preceded by the preposition “a” or the preposition “por”, 
respectively. The morphological marking in Spanish has more endurance and it is 
acoustically more perceivable than in Basque (see Ladefoged, 2001), and so, it may 
be easier to perceive for adult individuals.  
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NBD participants in our study were older adults (mean age 65 years), with no report 
of hearing difficulty. No auditory test was conducted prior to their participation into 
the study. Still, several studies have reported age-related deficits of temporal 
auditory processing, particularly in gap-detection thresholds, which are not captured 
by traditional audiometry assessment (Füllgrabe, 2013; Humes, et al. 2010; Snell, 
1997). So, even in the absence of peripheral auditory deficits, there is evidence that 
NBD individuals have increased difficulties to integrate auditory information as 
they age. Salience factors have also been shown to affect case-marking processing 
in healthy adult speakers of highly inflected and agglutinative languages such as 
Hungarian (MacWhinney et al., 1985). With regard to this, one may wonder why 
NBD participants do not perform worse in Basque than in Spanish, also on 
sentences with Agent-Theme argument order. We believe that in absence of the 
information cue necessary to identify the agent of the verb, listeners use the most 
parsimonious (subject-first) strategy to interpret the sentences. This explanation 
converges with previous studies showing that the effect of the speed of linguistic 
presentation (Wingfield et al., 2003) and noise (Wendt et al., 2016), as a measure of 
saliency, affect sentence comprehension abilities in adult NBD participants, 
particularly in sentences requiring derived Theme-Agent assignment. 
Interestingly, single case analysis suggests that processing of case marking and 
prepositions may be independently impaired in PWA. The difficulty imposed by the 
argument order is not always larger in Basque than in Spanish. Some participants 
showed dissociation between the sentences in Agent-Theme and Theme-Agent 
argument order across languages. In four out of seven participants, the analysis 
showed that the larger the effect of argument order was in Basque, the smaller the 
effect of argument order was in Spanish, and vice versa. These individual 
differences can offer an explanation for the conflicting results of previous case 
studies on agrammatic Basque-Spanish bilingual PWA (Munarriz et al., 2016) and 
Hindi-English PWA (Venkatesh et al., 2012). Our data demonstrate that case 
morphology does not systematically prevent sentence comprehension deficits in 
PWA as suggested by Venkatesh et al. (2012). The current data show that 
processing case morphology is particularly impaired in many PWA, even more than 
processing other type of morphological markers, such as prepositions. These results 
are compatible with Abuom et al. (2013), who did not find cross-linguistic 
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differences in Swahili-English bilingual PWA, since the individual variability may 
have cancelled a language effect in the results. 
The results from individual subjects with aphasia do not always conform to the 
group results. We believe that there are two potential explanations for the individual 
variability in sentence comprehension in Basque and Spanish. First, it may be 
related to the bilingual proficiency and/or dominancy in the group of bilingual 
participants in our study may be important. All the participants in the bilingual 
group acquired both Basque and Spanish in early childhood, and they reported a 
balanced use of the two languages in adulthood. Still, we could not objectively 
assess the level of proficiency and dominance of each language before and after the 
injury, nor could we be sure in what language/s and for how long language therapy 
was delivered. Second, parsing cues are different in Basque and Spanish, and this 
may also explain the vast individual variability across participants. In Basque, case 
morphology reliably tags thematic roles (i.e., agent, theme), whereas in Spanish it 
does not (nominative subjects can be either agents or themes, see Ros (2018) for a 
discussion on the differential reliability of morphological cues in Spanish and 
Basque). The individual variability in the processing of sentence in Basque and 
Spanish suggest that the parser may be distinctively affected at the semantic and the 
grammatical level, even when participants are agrammatic and do not show evident 
disruption at the lexico-semantic level in their production.  
To sum up, at the group level, the between-language asymmetries are compatible 
with case-marking morphology being more vulnerable than other types of 
morphological cues (e.g., agreement) as shown in the study of German PWA and 
NBD using a within-language comparison (Hanne et al., 2015). However, individual 
participant patterns require a more complex explanation, which may potentially 
depend on factors related to bilingual proficiency and dominance, or to specific 
handicaps related to parsing mechanisms based on semantic versus syntactic 
functions. These aspects deserve more detailed consideration, which remains 
beyond the scope of this study. 
 
5.2. Bilingual advantage: comparison of bilingual vs. monolingual speakers of 
Spanish  
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Previous studies have suggested that bilingualism enhances some aspects of the 
executive function system in both NBD (see Bialystok et al., 2004; Costa et al., 
2008; Martin-Rhee & Bialystok, 2008; Prior & MacWhinney, 2010) and PWA 
(Penn et al., 2010). We hypothesized that bilingual PWA may benefit from 
enhancement of inhibitory control abilities in comprehending semantically 
reversible sentences, which have been suggested to be difficult for them due to an 
inability to inhibit conflicting sentence interpretations (Dickey et al., 2007; 
Schumacher et al., 2015; Vuong & Martin, 2015; see Novick, et al., 2005, 2010; cf. 
Thothathiri & Mauro, 2018). 
In contrast to our expectations, we found equal comprehension accuracy and RT in 
bilingual and monolingual PWA, calling into question the existence of a bilingual 
advantage in sentence comprehension due to an enhancement of executive functions 
(see Teubner-Rhodes et al., 2016). However, the results of close analysis of the RT 
data, as well as the gaze-data are not fully compatible with a null-effect of 
bilingualism in sentence processing in either PWA or NBD participants. Although 
there was no significant difference in accuracy between the bilingual and 
monolingual PWA, analyses of the RTs revealed that monolingual participants 
showed an accuracy effect, unlike bilingual participants. The monolingual PWA 
responded faster on correctly answered sentences than on incorrectly answered 
ones. This is compatible with the view that for incorrectly answered trials there are 
difficulties in inhibiting the conflicting interpretations depicted by the distractor 
picture, and particularly suggests that inhibitory control is more effortful in 
monolingual speakers. 
This interpretation is partly reinforced by the gaze-data. In line with our predictions, 
successful sentence interpretation in bilingual speakers is coupled by an enhanced 
inhibitory control system in relation to monolingual speakers, who look 
significantly more at the conflicting interpretation of the sentence. The absence of 
online processing differences between sentences with Agent-Theme argument order 
and Theme-Agent argument order in terms of ROIs is in line with Teubner-Rhodes 
et al’s., (2016) findings. It suggests that bilingual speakers have a monitoring 
capacity that goes beyond sentences involving conflict. We are aware that the 
sentence-to-picture task used in this study imposes certain degree of conflict, since 
the counterpart interpretations of the semantically reversible sentence are visually 
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represented to the participant. However, keeping this variable constant, bilingual 
participants showed similar inhibitory abilities towards the competitor 
representation on sentences with Agent-Theme and Theme-Agent argument order, 
although only in the latter the default parsing routine (i.e. agent first) conflicts with 
the linguistic target, and therefore imposes the need for revision. Overall, the online 
data favour the idea of bilingual PWA and NBD participants displaying an 
inhibitory advantage, in line with previous studies  (Bialystok et al., 2004; Costa et 
al., 2008; Martin-Rhee & Bialystok, 2008; Penn et al., 2010; Prior & MacWhinney, 
2010).   
Unexpectedly, we found that the role of bilingualism in the fixation behaviour 
towards the competitor picture is reversed in the incorrectly answered trials. In the 
instances in which sentences are misinterpreted, bilingual speakers fixate more often 
than monolingual speakers on the distractor.  
Note that in both correct and incorrect answers, the difference between the 
proportion of fixations towards the competitor picture as a function of bilingualism 
does not appear throughout the whole presentation of the auditory stimulus, but it 
depends on the timing of the comprehension. That is, differences are clear once the 
sentence can be unambiguously interpreted (i.e., at the verbal phrase). Thus, they 
are not related to random noise. In the correctly answered trials, the gaze-fixation 
difference between bilingual and monolingual speakers starts after the presentation 
of the verbal phrase, and continues until the post-offset of the sentence. In contrast, 
in the incorrect answers, it is limited to the post-verbal subject/object. 
Unlike the fixation pattern observed in the correctly-answered trials, the greater 
inclination of bilingual speakers to fixate on the distractor in the incorrectly 
answered trials cannot be explained by better inhibitory abilities. However, this 
gaze-fixation pattern, which is limited to incorrect answers right after the sentence 
resolution point, is compatible with the monitoring behaviour as described in 
Thibaut & French (2016). According to these authors, participants frequently look 
back into the non-target picture in an attempt to revise their choice, particularly on 
incorrect answers. This interpretation accords with the results of previous studies 
suggesting that monitoring takes places only in items with high difficulty and 
uncertainty (Howie & Roebers, 2007). Enhanced ability to monitor the correctness 
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in the incorrect answers has been attributed to strengthen development of executive 
functioning in adults versus children (Thibaut & French, 2016), and it goes along 
with the enhanced inhibitory abilities shown by bilingual speakers in the correctly 
answered trials. However, the error awareness analysis performed in this group of 
participants in Arantzeta et al. (2018) has shown that PWA are usually unaware of 
their sentence misinterpretation. Thus, a boosted monitoring ability in the 
incorrectly answered trials in bilingual speakers is simply speculative, and warrants 
further research.  
At this point, the question is why the advantage in inhibitory abilities shown by 
bilingual speakers does not provide bilingual speakers with a better sentence 
comprehension capacity or overall increased speed. In the case of NBD participants, 
this effect may not be apparent because of ceiling level performance.  In relation to 
PWA, we find no transfer of the potential enhancement of executive functioning to 
sentence comprehension outcomes. One potential explanation is in the same vein as 
Thothathiri & Mauro (2018), who have recently reported case studies of PWA with 
slower sentence processing but accurate comprehension, and the other way around. 
Thus, we suggest that sentence comprehension deficits in PWA are not necessarily 
related to deficits in monitoring, and, therefore, that the advantage in inhibiting the 
distractor picture found in bilingual speakers does not prevent them from 
comprehension failure.  
It is worth mentioning that unlike Thothathiri & Mauro (2018) and Penn et al. 
(2010), we have not used formal tests to assess executive functioning in PWA. We 
suggested that online sentence processing within a particular experimental setting 
(i.e. sentence-picture-matching task with binomial choice) has uncovered 
differences between bilingual and monolingual speakers, which we could interpret 
as a sign in favour of enhanced executive functioning in terms of inhibition in 
bilingual speakers. However, there is equal sentence comprehension accuracy in 
bilingual and monolingual speakers. This mismatch between inhibitory behaviour 
towards the distractor picture and the sentence comprehension accuracy does not 
mean that other aspects of inhibitory control, or executive functioning in general, 
are damaged in PWA (Hamilton & Martin, 2005; Peristeri, et al., 2011; Purdy, 
2002) Also, it does not rule out that impaired executive function could be an 
important component of sentence comprehension difficulties in PWA (Dickey et al., 
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2007; Schumacher et al., 2015; Vuong & Martin, 2015; see Novick, et al., 2005, 
2010). 
 
6. Conclusion  
Sentence comprehension deficits in PWA with preserved lexical comprehension 
have been reported in a series of languages, but they have rarely been studied in 
bilingual populations. We aimed to shed light on cross-linguistic differences in 
sentence processing, and more specifically on morphosyntactic processing by 
bilingual speakers of two typologically distant languages, that is, Basque and 
Spanish. We reported evidence regarding the ways in which language-specific 
properties affect sentence comprehension performance in both PWA and NBD. At 
group level, sentence comprehension difficulties were greater in Basque than in 
Spanish. Salience factors may explain these difficulties, as suggested by previous 
results in healthy speakers (MacWhinney et al., 1985; Wendt et al. 2016; Wingfield 
et al., 2003). These cross-linguistic asymmetries are also compatible with different 
cognitive demands involving the processing of case-morphology and prepositions 
(Hanne et al., 2015). Single case analysis of PWA showed that the ability to process 
ergative case marking in Basque and prepositional information in Spanish is 
negatively correlated. Participants who were more impaired in processing derived 
word order sentences in Basque were less impaired in Spanish, and the other way 
round. The explanation for this negative correlation is not yet clear – but it shows 
that bilingual PWA use different strategies in understanding sentences from 
typologically very different languages.  
Overall, the data do not suggest that bilingual PWA transfer morphosyntactic 
processing abilities from Basque (a richly inflected language) to Spanish (a less 
inflected language). This pattern is not in line with the findings of Santesteban and 
Costa (2006), who analysed Noun-Determiner agreement in Basque-Spanish and 
Catalan-Spanish healthy bilingual speakers, and found that the syntactic properties 
of L1 (word order) influence processing of Noun-Determined agreement in L2. This 
may be due to the vast individual differences found in our study. We have 
speculated that different levels of impairment in each individual in our study may 
yield a distinctive cross-linguistic pattern across participants (see Caramazza et al., 
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2001; Caramazza & Miceli, 1991). This idea deserves further research. 
We also intended to explain the potential advantage that Basque-Spanish bilingual 
PWA show in semantically reversible sentences compared to monolingual Spanish 
speakers. Online sentence processing has uncovered drifts compatible with 
enhanced inhibitory abilities as a function of bilingualism in both PWA and NBD 
groups, in line with previous studies (e.g., Costa et al., 2009; Martin-Rhee & 
Bialystok, 2008; Teubner-Rhodes et al., 2016), but it has been shown that they do 
not aid sentence comprehension abilities in bilingual PWA. The reasons for the 
online sentence processing differences between monolingual and bilingual speakers 
in sentence misinterpretations are unclear. We have speculated that it can be related 
to better monitoring abilities in bilingual speakers, but this issue should be targeted 
in future research. All together, the data do not provide sufficient evidence for 
bilingual advantage on inhibitory control as a support of linguistic performance in 
terms of sentence comprehension, opposite to the findings of Penn et al. (2010) on 
conversational management. 
The current study shows that, even when the participant-variability is kept constant, 
language-specific properties affect the choice and subsequent success of the parsing 
routines. In addition, it showed enhanced inhibition abilities towards the competitor 
interpretation of the sentence, although it did not diminish their sentence 
comprehension deficit. A more operational definition of executive functions, as well 
as the combination of formal testing on conflict monitoring and online sentence 
processing is necessary to shed light into this topic. 
 
Funding: 
This research was supported by the Erasmus Mundus Joint International Doctorate 
for Experimental Approaches to Language and Brain (IDEALAB) of the 
Universities of Groningen (NL), Newcastle (UK), Potsdam (DE), Trento (IT) and 
Macquarie University, Sydney (AU) under grant n°: 2012-1713/001-001 EMII 
EMJD (Framework Partnership Agreement 2012-0025). The author Roelien 
Bastiaanse is partially supported by the Centre for Language and Brain NRU Higher 
School of Economics, RF Government (14.641.31.0004). The author Itziar Laka is 
supported by the Basque Government (IT665-13) and the Spanish Ministerio de 
Economía y Competitividad (FFI2015-64183-P).  
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 34
 
Acknowledgements: 
We are thankful to the clinical staff of the Association of Acquired Brain Injury of 
Gipuzkoa (ATECE-Gipuzkoa) and the Stroke Unit of the University Hospital of 
Donostia-San Sebastian for their contribution in the development of this study. Last 
but not least, we are grateful to all participants and their families for their 
willingness to participate in the study and for their co-operation throughout.  
 
 
References: 
 
Abuom, T. O., Shah, E., & Bastiaanse, R. (2013). Sentence comprehension in 
Swahili-English bilingual agrammatic speakers. Clinical Linguistics and 
Phonetics, 27, 355–70. doi: 10.3109/02699206.2013.775346 
Akaike, H. (1974). A new look at the statistical model identification. IEE 
Transactions on Automatic Control AC, 19, 716–723. doi: 
10.1109/tac.1974.1100705 
Aldezabal, I., Aranzabe, M., Atutxa, A., Gojenola, K., Sarasola, K., & Zabala, I. 
(2003). Hitz-hurrenkeren azterketa masiboa corpusean 
(UPV/EHU/LSI/TR 2-2003). Department of Language and Informatic 
Systems, University of Basque Country (Manuscript).  
Alladi, S., Bak, T. H., Mekala, S., Rajan, A., Chaudhuri, J. R., Mioshi, E., 
Krovvidi, R., Surampudi, B., Duggirala, V., Kaul, S. (2016). Impact of 
bilingualism on cognitive outcome after stroke. Stroke, 47, 00-00. doi: 
10.1161/STROKEAHA.115.010418 
Ansaldo, A. I. & Saidi, L. G. (2014). Aphasia therapy in the age of globalization: 
Cross-linguistic therapy effects in bilingual aphasia. Behavioural 
Neurology, 2014, 1-10. doi: 10.1155/2014/603085  
Arantzeta, M., Bastiaanse, R., Burchert, F., Wieling, M., Martínez-Zabaleta, M., 
& Laka, I. (2017). Eye-tracking the effect of word order in sentence 
comprehension in aphasia: Evidence from Basque, a free word order 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 35
ergative language. Language, Cognition and Neuroscience, 32, 1320-
1343. doi: 10.1080/23273798.2017.1344715 
Arantzeta, M., Webster, J., Laka, I., Martínez-Zabaleta, M, & Howard, D. 
(2018). What happens when they think they are right? Error awareness 
analysis of sentence comprehension deficits in aphasia. Aphasiology, 32, 
1418-1444. doi: 10.1080/02687038.2017.1423270 
Ardila, A. (2012). The executive functions in language and communication. In 
R.K. Peach and L. P. Shapiro (Eds.), Cognition and Acquired Language 
Disorders: An information processing approach (pp. 147-166). St. Louis: 
Elsevier Mosby. ISBN: 978-0-323-07201-4 
Avrutin, S. (2006). Weak syntax. In Y. Grodzinsky and K. Amunts (Eds.), 
Broca´s Region (pp. 49-62). Oxford: Oxford University Press. ISBN: 
0195177649 
Bader, M. & Lasser, I. (1994). German Verb-final clauses and sentence 
processing: Evidence for immediate attachment. In C. Clifton, L. Frazier 
and K. Rayner (Eds.), Perspectives on Sentence Processing (pp. 225-
242). New York: Psychology Press. ISBN: 987-0-805-81581-8 
Bartolotti, J. & Marian, V. (2011). Language learning and control in 
monolinguals and bilinguals. Cognitive Science, 36, 1129-1147. doi: 
10.1111/j.1551-6709.2012.01243.x  
Bastiaanse, R. & Van Zonneveld, R. (2006). Comprehension of passives in 
Broca’s aphasia. Brain and Language, 96, 135–142. doi: 
10.1016/j.bandl.2005.06.012 
Bates, E., Devescovi, A., & Wulfeck, B. (2001) Psycholinguistics: A cross-
language perspective. Annual Review of Psychology, 52, 369-296. doi: 
10.1146/annurev.psych.52.1.369  
Becker, S. (2010). The role of target-distractor relationships in guiding attention 
and the eyes in visual search. Journal of Experimental Psychology: 
General, 139, 247-265. doi: 10.1037/a0018808. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 36
Bentacort, M., Carreiras, M., & Sturt, P. (2009). The processing of subject and 
object relative clauses in Spanish: An eye-tracking study. The Quarterly 
journal of Experimental Psychology, 62, 1915-1929. doi: 
10.1080/17470210902866672 
Bialystok, E., Craik, F. I. M., Klein, R., & Viswanathan, M. (2004). 
Bilingualism, aging, and cognitive control: Evidence from the Simon 
task. Psychology and Aging, 19, 290-303. doi: 10.1037/0882-
7974.19.2.290 
Birdsong, D., Gertken, L.M., & Amengual, M. (2012). Bilingual Language 
Profile (BLP): An Easy-to-Use Instrument to Assess Bilingualism. Basque 
adaptation: M. Arantzeta (2016).  COERLL, University of Texas at 
Austin. URL: https://sites.la.utexas.edu/bilingual/using-the-blp/access-
testing-materials/ 
Blumenfeld, H. K. & Marian, V. (2011). Bilingualism influences inhibitory 
control in auditory comprehension. Cognition, 118, 245-257. doi: 
10.1016/j.cognition.2010.10.012.  
Burchert, F., De Bleser, R., & Sonntag, K. (2003). Does morphology make the 
difference? Agrammatic sentence comprehension in German. Brain and 
Language, 87, 323–342. doi: 10.1016/S0093-934X(03)00132-9 
Burkhardt, P., Avrutin, S., Piñango, M., & Ruigendijk, E. (2008). Slower-than-
normal syntactic processing in agrammatic Broca’s aphasia: Evidence 
from Dutch. Journal of Neurolinguistics, 21, 120–137. doi: 
10.1016/j.jneuroling.2006.10.004 
Caramazza, A., Capitani, E., Rey, A., & Berndt, R. (2001). Agrammatic Broca’s 
aphasia is not associated with a single pattern of comprehension 
performance. Brain and Language, 76, 158-184. doi: 
10.1006/brln.1999.2275  
Caramazza, A. & Miceli, G. (1991). Selective impairment of thematic role 
assignment in sentence processing. Brain and Language, 41, 402-436. 
doi: 10.1016/0093-934x(91)90164-v  
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 37
Caramazza, A. & Zurif, E. B. (1976). Dissociation of algorithmic and heuristic 
processes in language comprehension: Evidence from aphasia. Brain and 
Language, 3, 572–582. doi: 10.1016/0093-934X(76)90048-1 
Carreiras, M., Duñabeitia, J. A., Vergara, M., de la Cruz-Pavía, I., & Laka, I. 
(2010). Subject relative clauses are not universally easier to process: 
Evidence from Basque. Cognition, 115, 79–92. doi: 
10.1016/j.cognition.2009.11.012 
Casado, P., Fernández Frías, C., Martín-Loeches, M., Muñoz, F., & Fernández-
Frías, C. (2005). Are semantic and syntactic cues inducing the same 
processes in the identification of word order?. Cognitive Brain Research, 
24, 526-543. doi: 10.1016/j.cogbrainres.2005.03.007 
Caplan, D. (2006). Aphasic deficits in syntactic processing. Cortex, 42, 797-804. 
doi: 10.1016/s0010-9452(08)70420-9  
Caplan, D., DeDe, G., Waters, G., Michaud, J., & Tripodis, Y. (2011). Effects of 
age, speed of processing, and working memory on comprehension of 
sentences with relative clauses. Psychology and Aging, 26, 439-450. doi: 
10.1037/a0021837 
Caplan, D. & Futter, C. (1986). Assignment of thematic roles to nouns in 
sentence comprehension by an agrammatic patient. Brain and Language, 
27, 117–134. doi: 10.1016/0093-934X(86)90008-8 
Caplan, D., Michaud, J. & Hufford, R. (2013). Dissociations and associations of 
preformance in syntactic comprehension in aphasia and their implications 
for the nature of aphasic deficits. Brain and Language, 127, 21-33. doi: 
10.1016/j.bandl.2013.07.007 
Caplan, D. & Waters, G. (2013). Memory mechanisms supporting syntactic 
comprehension. Psychonomic Bulletin & Review, 20, 243-268. doi: 
10.3758/s13423-012-0369-9  
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 38
Caplan, D., Waters, G., DeDe, G., Michaud, J., & Reddy, A. (2007). A study of 
syntactic processing in aphasia I: Behavioral (psycholinguistic) aspect. 
Brain and Language, 101, 103-150. doi: 10.1016/j.bandl.2006.06.225 
Chialant, D. (2000). Cognitive Neuropsychology Laboratory (CNL) Language 
Screening Battery. (Manuscript). Basque adaptation: Erdocia, K., 
Santesteban, M., & Laka, I. (2003). Elebilab Psycholinguistic Laboratory. 
University of Basque Country. 
Consonni, M., Cafiero, R., Marin, D., Tettamanti, M., Iadanza, A., Fabbro, F., & 
Perani, D. (2013). Neural convergence for language comprehension and 
grammatical class production in highly proficient bilinguals is 
independent of age of acquisition. Cortex, 49, 1252-1258. doi: 
10.1016/j.cortex.2012.04.009  
Cooper, R. M. (1974). The control of of eye spoken fixation by the meaning 
language. Cognitive Psychology, 107, 84–107. doi: 10.1016/0010-
0285(74)90005-x  
Costa, A., Hernández, M., Costa-Faidella, J., & Sebastián-Gallés, N. (2009). On 
the bilingual advantage on conflict processing: Now you see it, now you 
don’t. Cognition, 113, 135-149. doi: 10.1016/j.cognition.2009.08.001 
Costa, A., Hernández, M., & Santián-Gallés, N. (2008). Bilingualism aids 
conflict resolution: Evidence from the ANT task. Cognition, 106, 59-86. 
doi: 10.1016/j.cognition.2006.12.013  
Costa, A. & Santesteban, M. (2004). Lexical access in bilingual speech 
production: Evidence from language switching in highly proficient 
bilinguals and L2 learners. Journal of Memory and Language, 50, 491-
511. doi: 10.1016/j.jml.2004.02.002  
De Rijk, R. (1969). Is Basque an SOV language? Fontes Linguae Vasconum 1, 
319-351. 
Del Río, D., López-Higes, R., & Martín-Aragoneses, M. T. (2012). Canonical 
word order and interference-based integration costs during sentence 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 39
comprehension: The case of Spanish subject- and object-relative clauses. 
The Quarterly Journal of Experimental Psychology, 65, 2108-2128. doi: 
10.1080/17470218.2012.674951 
Del Río, D., Maestú, F., López-Higes, R., Moratti, S., Gutiérrez, R., Maestú, C., 
& del-Pozo, F. (2011). Conflict and cognitive control during sentence 
comprehension: Recruitment of a frontal network during the processing 
of Spanish object-first sentences. Neuropsychologia, 49, 382-391. doi: 
10.1016/j.neuropsychologia.2010.12.005  
Díaz B., Sebastián-Gallés N., Erdocia K., Mueller J.L., & Laka I. (2011). On the 
cross-linguistic validity of electrophysiological correlates of 
morphosyntactic processing: A study of case and agreement violations in 
Basque. Journal of Neurolinguistics, 24, 357-373. doi: 
10.1016/j.jneuroling.2010.12.003  
Dickey, M. W., Choy, J. J., & Thompson, C. K. (2007). Real-time 
comprehension of wh- movement in aphasia: evidence from eyetracking 
while listening. Brain and Language, 100, 1–22. doi: 
10.1016/j.bandl.2006.06.004 
Döpke, S. (2000). The interplay between language-specific development and 
crosslinguistic influence. In S. Döpke  (Ed.), Cross-linguistic structures 
in simultaneous bilingualism (pp. 79-104). Amsterdam: John Benjamins 
Publishing Company. ISBN: 9789027241313 
Duman, T. Y., Altinok, N., Ozgirgin, N., Bastiaanse, R., & Özgirgin, N. 
(2011). Sentence comprehension in Turkish Broca's aphasia: An 
integration problem. Aphasiology, 25, 908-926. 
doi: 10.1080/02687038.2010.550629 
Duñabeitia, J. A., Hernández, J. A., Antón, E., Macizo, P., Estévez, A., Fuentes, 
L. J., & Carreiras, M. (2014). The inhibitory advantage in bilingual 
children revisited: Myth or reality?. Experimental Psychology, 61, 234-
251. doi: 10.1027/1618-3169/a000243 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 40
Dussias, P. & Sagarra, N. (2007). The effect of exposure on syntactic parsing in 
Spanish-English bilinguals. Bilingualism: Language and Cognition, 10, 
101-116. doi: 10.1017/s1366728906002847  
Eberhard, K. M., Spivey-Knowlton, M. J., Sedivy, J. C., & Tanenhaus, M. K. 
(1995). Eye movements as a window into real-time spoken language 
comprehension in natural contexts. Journal of Psycholinguistic Research, 
24, 409-435. doi: 10.1007/bf02143160  
Erdocia, K., Laka, I., Mestres-Missé, A., & Rodriguez-Fornells, A. (2009). 
Syntactic complexity and ambiguity resolution in a free word order 
language: behavioral and electrophysiological evidences from Basque. 
Brain and Language, 109, 1–17. doi: 10.1016/j.bandl.2008.12.003  
Filippi, R., Leech, R., Thomas, M. S. C., Green, D. W., & Dick, F. (2012). A 
bilingual advantage in controlling language interference during sentence 
comprehension. Bilingualism: Language and Cognition, 15, 858-872. 
doi: 10.1017/s1366728911000708  
Frenck-Mestre, C. & Pynte, J. (1997). Syntactic ambiguity resolution while 
reading in second and native languages. The Quarterly Journal of 
Experimental Psychology, 50, 119-148. doi: 10.1080/027249897392251  
Friedman, N. P. & Miyake, A. (2004). The relations among inhibition and 
interference control functions: A latent-variable analysis. Journal of 
Experimental Psychology General, 133, 101-135. doi: 10.1037/0096-
3445.133.1.101 
Friedman, N. P. & Miyake, A. (2017). Unity and diversity of executive 
functions: Individual differences as window on cognitive structure. 
Cortex, 86, 186-204. doi: 10.1016/j.cortex.2016.04.023 
Füllgrabe, C. (2013). Age-dependent changes in temporal-fine structure 
processing in the absence of peripheral hearing loss. American Journal of 
Audiology, 22, 313-315. doi: 10.1044/1059-0889(2013/12-0070 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 41
Gibson, E. (1991). A computational theory of human linguistic processing: 
Memory limitations and processing breakdown. Doctoral dissertation, 
Carnegie Mellon University, Pittsburgh, PA. 
Gibson, E. (1998). Linguistic complexity: locality of syntactic dependencies. 
Cognition, 69, 1-76. doi: 10.1016/S0010-0277(98)00034-1 
 
Gibson, E. (2000). The dependency locality theory: a distance-based theory of 
linguistic complexity. In Y. Miyashita, A. Marantz, & W. O’Neil (Eds.), 
Image, Language, Brain (pp. 95-126). Cambridge, MA: MIT Press. 
ISBN: ISBN: 9780262133715 
Gibson, E., Piantados, S., Brink, K., Bergen, L., Kim, E., & Saxe, R. (2013). A 
noisy-channel account of crosslinguistic word-order variation. 
Psychological Science, 24, 1079-88. doi: 10.1177/0956797612463705 
Goodglass, H., Kaplan, H., & Barresi, B. (2005). The assessment of aphasia and 
related disorders (3rd edition). Spanish adaptation: J. E. García-Albea. 
Madrid: Médica Panamericana. ISBN: 9788479037857 
Grodzinsky, Y. (1995). A restrictive theory of agrammatic comprehension. Brain 
and Language, 50, 27-51. doi: 10.1006/brln.1995.1039 
Grodzinsky, Y. (2000). The trace deletion hypothesis and the tree-pruning 
hypothesis: Still valid characterizations of Broca’s aphasia. The 
Behavioral and Brain Sciences, 23, 1–21; discussion 55-64. doi: 
10.1017/S0140525X00002399 
Haarmann, H. J., Just, M. A., & Carpenter, P. A. (1997). Aphasic sentence 
comprehension as a resource deficit: A computation approach. Brain and 
Language, 59, 76-120. doi: 10.1006/brln.1997.1814  
Hamilton, A. C. & Martin, R. C. (2005). Dissociations among tasks involving 
inhibition: A single-case study. Cognitive, Affective, & Behavioral 
Neuroscience, 5, 1-13. doi: 10.3758/CABN.5.1.1 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 42
Hanne, S., Burchert, F., De Bleser, R., & Vasishth, S. (2015). Sentence 
comprehension and morphological cues in aphasia: What eye-tracking 
reveals about integration and prediction. Journal of Neurolinguistics, 34, 
83-111. doi: 10.1016/j.jneuroling.2014.12.003  
Hanne, S., Sekerina, I. A., Vasishth, S., Burchert, F., & De Bleser, R. (2011). 
Chance in agrammatic sentence comprehension: what does it really 
mean? Evidence from eye movements of German agrammatic aphasic 
patients. Aphasiology, 25, 221–244. doi: 10.1080/02687038.2010.489256 
Hartsuiker, R. J., Beerts, S., Loncke, M., Desmet, T., & Bernolet, S. (2016). 
Cross-linguistic structural priming in multilinguals: Further evidence for 
shared syntax. Journal of Memory and Language, 90, 14-30. doi: 
10.1016/j.jml.2016.03.003 
Hartsuiker, R. J. & Kolk, H. H. J. (1998). Syntactic facilitation in agrammatic 
sentence production. Brain and Language, 62, 221-254. doi: 
10.1006/brln.1997.1905  
Hartsuiker, R. J., Pickering, M. J., & Veltkamp, E. (2004). Is syntax separate or 
shared between languages? Cross-linguistic syntactic priming in Spanish-
English bilinguals. Psychological Science, 15, 409-414. doi: 
10.1111/j.0956-7976.2004.00693.x  
Howie, P. & Roebers, C. M. (2007). Developmental progression in the 
confidence-accuracy relationship in event recall: Insights provided by a 
calibration perspective. Applied Cognitive Psychology, 21, 871-893. doi: 
10.1002/acp.1302 
Humes, L., Kewley-Port, D., Fogerty, D., & Kinney, D. (2010).  Measures of 
hearing threshold and temporal processing across the adult lifespan. 
Hearing Research, 264, 30-40. doi: 10.1016/j.heares.2009.09.010 
Ivanova, M. V., Dragoy, O. V., Kuptsova, S. V., Ulicehva, A. S., & 
Laurinavichyute, A. K. (2015). The contribution of working memory to 
language comprehension: Differential effect of aphasia type. 
Aphasiology, 29, 645-664. doi: 10.1080/02687038.2014.975182 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 43
Juncos-Rabadán, O., Pereiro, A. X., & Souto, M. (2009). Manifestaciones de la 
afasia en gallego. Datos preliminaries de pacientes bilingües Gallego-
Castellano. Revista de Logopedia, Foniatría y Audiología, 29, 21-29. doi: 
10.1016/s0214-4603(09)70140-8  
Khachatryan, E., Vanhoof, G., Beyens, H., Goeleven, A., Thijs, V., & Van Hulle, 
M M. (2016). Language processing in bilingual aphasia: a new insight 
into the problem. WIREs Cognitive Science, 7, 180-196. doi: 
10.1002/wcs.1384  
Kohnert, K. (2009). Cross-language generalization following treatment in 
bilingual speakers with aphasia: A review. Seminars in Speech and 
Language, 30, 174-186. doi: 10.1055/s-0029-1225954  
Kroll, J. F., Bobb, S. C., & Wodniecka, Z. (2006). Language selectivity is the 
exception, not the rule: Arguments against a fixed locus of language 
selection in bilingual speech. Bilingualism: Language and Cognition, 9, 
119-135. doi: 10.1017/s1366728906002483 
Kroll J. F. & Dussias P. E. (2013). The comprehension of words and sentences in 
two languages. In T. Bhatia and W. Ritchie (Eds.), The Handbook of 
Bilingualism and Multilingualism (2nd ed.) (pp. 216–43). Malden, MA: 
Wiley-Blackwell. ISBN: 978-1-4443-3490-6 
Ladefoged, P. (2001). Vowels and consonants: An introduction to the sounds of 
language. Oxford: Blackwell. ISBN: 0631214127 
Laka, I. (2006). On the nature of case in Basque: structural or inherent?. In H. 
Broekhuis, N. Corver, J. Koster, R. Huybregts, and U. Kleinhenz (Eds.). 
Organizing Grammar: Linguistic Studies in Honor of Henk van Riemsdijk  
(pp. 374-382). Berlin/New York: Mouton de Gruyter. ISBN: 3110188503 
/ 3-11-018850-3. 
Laka, I. (2012). Merging from the temporal input: on subject-object asymmetries 
and an ergative language. In R. Berwick R. and M. Piattelli-Palmarini 
(Eds.), Rich Grammars from Poor Inputs (pp. 127-246), Oxford: Oxford 
University Press. doi: 10.1093/acprof:oso/9780199590339.003.0009 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 44
Laka, I. & Erdocia, K. (2012). Linearization preferences given “free word order”; 
subject preferences given ergativity: A look at Basque. In E. Torrego 
(Ed.), Festschrift for Professor Carlos Piera. Oxford: Oxford University 
Press. 
Laurinavichyute, A. K., Ulicehva, A., Ivanoca, M. V., Kuptsova, S. V., & 
Dragoy, O. (2014). Processing lexical ambiguity in sentential context: 
Eye-tracking data from brain-damaged and non-brain-damaged 
individuals. Neuropsychologia, 64, 360-373. doi: 
10.1016/j.neuropsychologia.2014.09.040 
Leonetti, M. (2003). Specificity and object marking: The case of Spanish a. In K. 
von Heusinger and G. A. Kaiser (Eds.), Proceedings of the workshop 
semantic and syntactic aspects of specificity in romance languages (pp. 
67-101). Konstanz: Fachbereich Sparachwissenchaft. 
Levelt, W. J. M. (2001). Spoken word production: a theory of lexical access. 
Proceedings of the National Academy of Sciences of the United States of 
America, 98, 13464–71. doi: 10.1073/pnas.231459498  
Levin, B. C. (1983). On the nature of ergativity, PhD dissertation, MIT. 
MacWhinney, B. (2000). The CHILDES project: Tools for analyzing talk. 
Mahwah: Erlbaum. . URL: http://childes.talkbank.org/clan/ 
MacWhinney, B., Pléh, C., & Bates, E. (1985). The development of sentence 
interpretation in Hungarian. Cognitive Psychology, 17, 178-209. doi: 
10.1016/0010-0285(85)90007-6  
Marian, V. & Spivey, M. (2003). Competing activation in bilingual language 
processing: Within- and between-language competition. Bilingualism: 
Language and Cognition, 6, 97-115. doi: 10.1017/s1366728903001068  
Mariën, P., Engelborghs, S., Vignolo, L. A., & De Deyn, P. P. (2001). The many 
faces of crossed aphasia in dextrals: report of nine cases and review of the 
literature. European Journal of Neurology, 8, 643-658. doi: 
10.1046/j.1468-1331.2001.00319.x  
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 45
Mariën, P., Paquier, P., Cassenaer, S., & De Deyn, P. P. (2003). The history of 
crossed aphasia: confluence of concepts. Journal of Neurolinguistics, 16, 
1-12.  doi: 10.1016/s0911-6044(01)00026-4 
Martin-Rhee, M. M. & Bialystok, E. (2008). The development of two types of 
inhibitory control in monolingual and bilingual children. Bilingualism: 
Language and Cognition, 11, 1-13. doi: 10.1017/s1366728907003227  
Matin, E., Shao, K. C., & Boff, K. R. (1993). Saccadic overhead: Information-
processing time with and without saccades. Perception and 
Psychophysics, 53, 372–380. doi: 10.3758/BF03206780 
Meyer, A. M., Mack, J. E., & Thompson, C. K. (2012). Tracking passive 
sentence comprehension in agrammatic aphasia. Journal of 
Neurolinguistics, 25, 31-43. doi: 10.1016/j.jneuroling.2011.08.001  
Mitchum, C. C. & Berndt, R. S. (2008). Comprehension and production of 
sentences. In R. Chapey (Ed.), Language intervention strategies in 
aphasia and related neurogenic communication disorders (5th ed.) (pp. 
632-653). Philadelphia: Wolters Kluwer. ISBN: 0781769817 
Miyake, A., Carpenter, P. A., & Just, M. A. (1994). A capacity approach to 
syntactic comprehension disorder: Making normal adults perform like 
aphasic patients. Cognitive Neuropsychology, 11, 671-717. doi: 
10.1080/02643299408251989 
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & 
Wager, T. D. (2000). The unity and diversity of executive functions and 
their contribution to complex “Frontal Lobe” tasks: A latent variable 
analysis. Cognitive Psychology, 41, 49-100. doi: 10.1006/cogp.1999.0734  
Munarriz, A., Ezeizabarrena, M., & Gutierrez-Mangado, J. (2016). Differential 
and selective morpho-syntactic impairment in Spanish-Basque bilingual 
aphasia. Bilingualism: Language and Cognition, 19, 810-833. doi: 
10.1017/s136672891400042x  
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 46
Nakatani, K. & Gibson, E. (2010). An on-line study of Japanese nesting 
complexity. Cognitive Science, 34, 94-112. doi: 10.1111/j.1551-
6709.2009.01067.x 
Novick, J. M., Trueswell, J. C., & Thompson-Schill, S. L. (2005). Cognitive 
control and parsing: Reexamining the role of Broca’s area in sentence 
comprehension. Cognitive, Affective, & Behavioral Neuroscience, 5, 263-
281. doi: 10.3758/cabn.5.3.263  
Novick, J. M., Trueswell, J. C., & Thompson-Schill, S. L. (2010). Broca´s area 
and language processing: Evidence for the cognitive control connection. 
Language and Linguistic Compass, 4, 906-924. doi: 10.1111/j.1749-
818x.2010.00244.x  
Nozari, N., Trueswell, J. C., Thompson-Schill, S. (2016). The interplay of local 
attraction, context and domain-general cognitive control in activation and 
suppression of semantic distractors during sentence comprehension. 
Psychonomic Bulletin & Review, 23, 1942-53. doi: 10.3758/s13423-016-
1068-8  
Obler, L. K., Fein, D., Nicholas, M., & Albert, M. L. (1991). Auditory 
comprehension and aging: Decline in syntactic processing. Applied 
Psycholinguistics, 12, 433-452. doi: 10.1017/s0142716400005865  
Oldfield, R. C. (1971). The assessment and analysis of handedness: the 
Edinburgh inventory. Neuropsychologia, 9, 97–113. doi: 10.1016/0028-
3932(71)90067-4 
Ortiz de Urbina, J. (1989). Parameter in the Grammar of Basque. Foris, 
Dordrecht. ISBN: 978-9067653374 
R Core Team. (2015). R: A language and environment for statistical computing. 
Vienna, Austria: R Foundation for Statistical Computing. https://www.R-
project.org/ 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 47
Ros, I., Santesteban, M., Fukumura, K., & Laka, I. (2015). Aiming at shorter 
dependencies: the role of agreement morphology. Language, Cognition 
and Neuroscience, 30, 1156-1174. doi: 10.1080/23273798.2014.994009 
Ros, I. (2018). Minimizing Dependencies across Languages and Speakers. 
Doctoral Dissertation, UPV/EHU. 
Santesteban, M. & Costa, A. (2006). Does L1 syntax affect L2 processing? A 
study with highly proficient early bilinguals. In B. Fernández and I. Laka 
(Eds.), Andolin Gogoan. Essays in honour of Proffesor Eguzkitza (pp. 
817-834). Zarautz: EHU-ko Argitalpen Zerbitzua, Itxaropena. 
Santesteban, M., Pickering, M. J., Laka, I., & Branigan, H. P. (2015). Effects of 
case-marking and head position on language production? Evidence from 
an ergative OV language. Language, Cognition and Neuroscience, 30, 
1175-86. doi: 10.1080/23273798.2015.1065335  
Scheepers, C. & Crocker, M. (2004). Constituent Order Priming from Reading to 
Listening: A Visual-World Study. In M. Carreiras and C. Clifton, Jr. 
(Eds.), The On-line Study of Sentence Comprehension: Eyetracking, ERP 
and Beyond. United Kidgdom: Psychology Press. ISBN: 978-
0415655781 
Schneider, B. A., Daneman, M., & Murphy, D. R. (2005). Speech comprehension 
difficulties in older adults: Cognitive slow-down or age-related changes 
in hearing?. Psychology and Aging, 20, 261-271. doi: 10.1037/0882-
974.20.2.261  
Schumacher, R., Cazzoli, D., Eggenberger, N., Preisig, B., Nef, T., Nyffeler, T., 
Gutbrod, K., Annoni, J., & Müri, R. (2015). Cue recognition and 
integration – Eyetracking evidence of processing differences in sentence 
comprehension in aphasia. PloS ONE, 10, (11): e0142853. doi: 
10.1371/journal.pone.0142853  
Snell, K. B. (1997). Age-related changes in temporal gap detection. The Journal 
of the Acoustical Society of America, 101, 2214-2220. doi: 
10.1121/1.418205 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 48
Sung, J. E. (2016). Age-related decline in case-marker processing and its relation 
to working memory capacity. The Gerontological Society of America, 0, 
1-8. doi: 10.1093/geronb/gbv117 
Sung, J. E., McNeil, M. R., Pratt, S. R., Dickey, M. W., Hula, W. D., Szuminsky, 
N. J., & Doyle, P. J. (2009). Verbal working memory and its relationship 
to sentence-level reading and listening comprehension in persons with 
aphasia. Aphasiology, 23, 1040-1052. doi: 10.1080/02687030802592884 
Teubner-Rhodes, S. E., Mishler, A., Corbett, R., Andreu, L., Sanz-Torrent, M., 
Trueswell, J. C., & Novick, J. M. (2016). The effects of bilingualism on 
conflict monitoring, cognitive control, and garden-path recovery. 
Cognition, 150, 213-231. doi: 10.1016/j.cognition.2016.02.011  
Thibaut, J.P. & French, R. M. (2016). Analogical reasoning, control and 
executive functions: A developmental investigation with eye-tracking. 
Cognitive Development, 38, 10-26. doi: 10.1016/j.cogdev.2015.12.002 
Thothathiri, M. & Mauro, K. L. (2018). The relationship between short-term 
memory, conflict resolution, and sentence comprehension impairments in 
aphasia. Aphasiology, 32, 264-289. doi: 10.1080/02687038.2017.1350630 
Trude, A. & Nozari, N. (2017). Inhibitory control supports referential context use 
in language production and comprehension. In Proceedings of the 39th 
Annual Conference of the Cognitive Science Society (pp. 1218-1224). 
Cognitive Science Society. 
Paap, K. R. & Greenberg, Z. I. (2013). There is no coherent evidence for a 
bilingual advantage in executive processing. Cognitive Psychology, 66, 
232-258. doi: 10.1016/j.cogpsych.2012.12.002  
Penn, C., Frankel, T., Watermeyer, J., & Russell, N. (2010). Executive function 
and conversational strategies in bilingual aphasia. Aphasiology, 24, 288-
308. doi: 10.1080/02687030902958399 
Peristeri, E., Tsimpli, I., Tsampkini, K. (2011). Linguistic processing and 
executive control: Evidence for inhibition in Broca’s aphasia. Procedia – 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 49
Social and Behavioral Sciences, 23, 213-214. doi: 
10.1016/j.sbspro.2011.09.244 
Purdy, M. (2002). Executive function ability in persons with aphasia. 
Aphasiology, 16, 549-557. doi: 10.1080/02687030244000176  
Prior, A. & MacWhinney, B. (2010). A bilingual advantage in task switching. 
Bilingualism: Language and Cognition, 13, 253-262. doi: 
10.1037/e520562012-021  
Venkatesh, M., Edwards, S., & Saddy, J. D. (2012). Production and 
comprehension of English and Hindi in multilingual transcortical aphasia. 
Journal of Neurolinguistics, 25, 615-629. doi: 
10.1016/j.jneuroling.2011.10.003  
Verreyt, N., Bogaerts, L., Cop, U., Bernolet, S., De Letter, M., Hemelsoet, D., 
Santens, P., & Duyck, W. (2013). Syntactic priming in bilingual patients 
with parallel and differential aphasia. Aphasiology, 27, 867-887. doi: 
10.1080/02687038.2013.791918  
Vuong, L.C. & Martin, R. C. (2015). The role of LIFG-based executive control 
in sentence comprehension. Cognitive Neuropsychology, 32, 243-265. 
doi: 10.1080/02643294.2015.1057558 
Wechsler, D. A. (1997). Wechsler Adult Intelligence Scale-III (WAIS-III). San 
Antonio: The Psychological Corporation. ISBN: 0-158-98104-9 
Wendt, D., Dau, T., & Hjortkjaer, J. (2016). Impact of background noise and 
sentence complexity on processing demands during sentence 
comprehension. Frontiers in Psychology, 7:345. 
doi:10.3389/fpsyg.2016.00345 
Wingfield, A., Peelle, J. E., & Grossman, M. (2003). Speech rate and syntactic 
complexity as multiplicative factors in speech comprehension by young 
and older adults. Aging Neuropsychology and Cognition, 10, 310-322. 
doi: 10.1076/anec.10.4.310.28974  
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 50
Willmes, K. & Poeck, K. (1993). To what extent can aphasic syndromes be 
localized?. Brain, 116, 1527-1540.  doi:10.1093/brain/116.6.1527  
Wilson, B. A., Cockburn, J., & Halligan, P.W. (1987). Behavioral Inattention 
Test (BIT). England: Thames Valley Test Company. ISBN: 978-0-749-
12997-2 
Wulfeck, B. B., Juarez, L., Bates, E. A., & Kilborn, K. (1986). Sentence 
interpreation strategies in healthy and aphasic bilingual adults. In J. Vaid 
(Ed.), Language processing in bilinguals: Psycholinguistic and 
Neuropsychological Perspectives, (pp. 199-219). Hillsdale, NJ: Lawrence 
Erlbaum Associates. ISBN: 9780415724005 
 
 
 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
TABLES: 
 
Table 1. Regions of Interest (ROI), duration (mean and sd) and comparison of 
length across paired conditions.  
Paired conditions ROI (mean duration and SD) 
ROI 1 
999 ms (46) 
ROI 2 
931 ms (12) 
ROI 3 
852 ms (30) 
t p t p t p 
Active vs Passive 0.945 0.350 -0.174 0.863 -1.376 0.177 
Subj. vs Obj. Relative -0.221 0.826 -1.877 0.068 1.268 0.213 
Subj. vs Obj. Cleft 1.074 0.290 -0.397 0.693 0.366 0.716 
A-T vs T-A -0.554 0.581 -0.027 0.177 0.077 0.939 
ROI= Region Of Interest; A-T= Agent-Theme; T-A= Theme-Agent 
 
Table 2. Individual scores of the PWA and NBD group on sentence 
comprehension accuracy in the experimental task in Basque. 
Subject Condition Subject Condition 
PWA SOV OSV VSO VOS NBD SOV OSV VSO VOS 
A1 78.94 40 84.21 26.31 C1 94.73 100 100 95 
A2 78.94 47.36 75 70 C2 95 90 94.73 85 
A3 78.94 50 77.77 72.22 C3 95 70 100 100 
A4 57.89 36.84 35.29 38.88 C4 95 95 80 75 
A5 75 57.89 82.35 63.15 C5 75 90 90 85 
A6 83.33 57.89 80 70 C6 95 100 100 100 
A7 84.21 68.42 73.68 73.68 C7 100 95 90 95 
Mean 
(SE) 
76.74  
(3.73) 
51.11  
(4.31) 
73.07  
(3.90) 
59.39  
(4.27) 
Mean 
(SE) 
92.80 
(2.19) 
91.42 
(2.37) 
93.52 
(2.09) 
90.71 
(2.46) 
PWA= people with aphasia; NBD= non-brain damaged 
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Table 3. Individual scores (%) of both IWA and NBD group on sentence 
comprehension accuracy in the experimental task in Spanish. 
Subject Bilingualism Condition: 
PWA  Act Pass Subj.Cl Obj.Cl Subj.Rl. Obj.Rl. 
A1 Bilingual 75 75 75 68.42 78.94 75 
A2 Bilingual 94.73 90 80 45 70 65 
A3 Bilingual 95 80 100 47.36 89.47 68.42 
A4 Bilingual 100 63.15 100 78.94 89.47 50 
A5 Bilingual 85 78.94 89.47 57.89 70 60 
A6 Bilingual 95 80 73.68 68.42 76.47 70 
A7 Bilingual 70 52.63 55.55 47.36 58.82 52.63 
A8 Monolingual 100 94.44 100 80 95 81.25 
A9 Monolingual 55 55.55 55.55 41.17 40 64.70 
A10 Monolingual 94.73 90 85 44.44 90 15.78 
A11 Monolingual 95 94.73 100 85 95 80 
A12 Monolingual 50 47.68 64.70 47.36 55.55 60 
A13 Monolingual 55 50 44.44 40 52.63 45 
A14 Monolingual 85 87.47 85 90 85 80 
NBD 
       
C1 Bilingual 95 94.73 100 100 95 100 
C2 Bilingual 95 100 95 95 90 95 
C3 Bilingual 100 100 100 100 90 95 
C4 Bilingual 100 95 100 95 100 85 
C5 Bilingual 100 95 89.47 95 95 95 
C6 Bilingual 100 94.73 90 95 90 95 
C7 Bilingual 90 94.11 90 100 94.73 95 
C8 Monolingual 100 100 95 100 95 100 
C9 Monolingual 100 100 95 100 95 100 
C10 Monolingual 95 100 100 95 90 95 
C11 Monolingual 100 100 100 95 90 95 
C12 Monolingual 100 95 95 100 95 95 
C13 Monolingual 100 95 95 90 90 100 
C14 Monolingual 100 100 100 95 95 85 
PWA= people with aphasia; NBD= non-brain-damaged; Act= active; Pass= passive; 
Subj.Cl= Subject cleft; Obj.Cl= Object cleft; Subj.Rl= Subject relative; Obj.Rl= Object 
relative. 
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Table 4: Individual sentence comprehension accuracy scores (%) of the 
Basque-Spanish bilingual PWA as a function of argument order in the sentence. 
Participants Basque Spanish 
A-T T-A Odds Ratio A-T T-A Odds Ratio 
A1 81.57 33.15 8.92 76.31 72.80 1.20 
A2 76.97 58.68 2.35 81.57 66.66 2.21 
A3 78.35 61.11 2.30 94.82 65.26 9.75 
A4 46.59 38.88 1.37 96.49 64.03 15.44 
A5 78.67 60.52 2.40 81.49 65.61 2.30 
A6 81.66 63.94 2.51 81.71 72.80 1.66 
A7 78.94 71.05 1.52 61.45 50.87 1.53 
A-T= Agent-Theme; T-A= Theme-Agent  
 
 
 
Table 5: Mean reaction time (ms) and Standard Error (SE) in bilingual and 
monolingual speakers of Spanish as a function of group and order of arguments 
in the sentence. 
Order of arguments Mean RT (SE) in Spanish 
Bilingual speakers 
Mean RT (SE) in Spanish 
Monolingual speakers 
 PWA NBD PWA NBD 
Agent-Theme 
Theme-Agent 
4772 (90.23) 
5153 (87.53) 
3241 (52.33) 
3312 (43.25) 
4971 (87.92) 
5281 (96.82) 
3302 (42.62) 
3386 (49.04) 
Mean (SE) 4963 (63.16) 3277 (33.94) 5125 (65.56) 3344 (32.51) 
PWA= People With Aphasia; NBD= Non Brain Damaged 
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FIGURES: 
 
Figure 1. Sample visual display. Target stimulus: (Active~Spanish) 
“El árbitro ha empujado al portero”/ (SOV~Basque) “Arbitroak 
atezaina bultzatu du”. (The referee has pushed the goalkeeper). A) 
Target picture; B) Foil. 
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Figure 2.  Sentence comprehension accuracy (%) and Standard Error (SE) in 
Basque-Spanish bilinguals as a function of language and order of arguments in 
the sentence. PWA= People With Aphasia; NBD= Non Brain Damaged 
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Figure 3.  Correlation between Odds Ratio (OR) between Agent-Theme (AT) 
and Theme-Agent (TA) in Basque and Spanish. r= -0.52; p= 0.054. 
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Figure 4.  Sentence comprehension accuracy (%) and Standard Error (SE) in 
Spanish in bilingual and monolingual speakers as a function of group and order 
of arguments in the sentence. 
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Figure 5.   Mean gaze-fixations and standard error towards the distractor 
picture as a function of bilingualism, response accuracy and Region Of Interest 
(ROI). 
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